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PREFACE 


Within the past few ycai^s distinct advances have been made in 
the methods of teaching science. It is becoming more and 
more widely recognised that the only scientific knowledge worth 
having is that gained by individual observation and experience ; 
and public examining bodies are one by one bringing themselves 
in line with this sound educational principle by causing their 
examinations to be more a test of familiarity with experimental 
methods and results than of information acquired by reading. 
The new regulations for the Matriculation Examination of the 
London University, making an experimental knowledge of the 
fundamental principles of physical and chemical science compul- 
sory for every candidate, represent an advance in this direction. 
Moreover, provision for such an introductory course in science is 
made in the Junior Local Examinations of the Universities of 
Oxford and Cambridge ; and pupil teachers in elementary schools 
are now encouraged by the Education Department to take up a 
course of elementary science having nearly the same scope as 
that just introduced into the Matriculation Examination of the 
University of London. 

The lessons in this volume follow the Matriculation Syllabus 
of “General Elementary Science.” It is distinctly stated in a 
note prefixed to the syllabus that “ In particular, the subjects of 
the present syllabus will be treated wherever possible from an 
experimental point of view. Candidates will be expected to 
have performed or witnessed simple experiments in illustration 
of the subjects mentioned in this syllabus.” With these require- 
ments in mind, we have made experimental work a distinctive 
feature of the book. A large number of simple and practicable 
experiments, which, with a few exceptions, can be easily per- 
formed by the individual student, are described ; and our object 
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has been to make the volume a combined class-book and practi- 
cal exercise book on the rudiments of physical and chemical 
science. 

Many of the experiments follow the course of instruction in 
elementary science contained in the physics and chemistry syllabus 
prepared by a Committee of the Incorporated Association of Head 
Masters. The results are indicated in each case, hence the 
experiments may be regarded in a way as solved examples of the 
general laws and phenomena of physical science, but the 
examples can only be properly understood by actually following 
the various stages which lead to their solution. In a few sec- 
tions of the book it has been necessary to illustrate by numerical 
examples the principles involved ; and to exercise the student in 
solving simple problems of this kind numerous questions have 
been added to the chapters. For a large number of these, and 
more especially for those appended to Chapters III-— VII, we are 
indebted to Mr. Walter J. Wood, B.A., who has collected many 
from actual examination papers, and has supplied the answers. 

Tliroughout the preparation of the following pages we have 
found the assistance and advice of Professor R. A. Gregory 
invaluable. Teachers who know Professor Gregory’s Exerc/m 
Book of Elementary PmcMcal Physics will recognise in the earlier 
chapters of the present volume several experiments described in 
that book. The opportunity of expressing thanks for permission 
to introduce these is gladly t^iken ; and we also desire to express 
our obligations to the Publishers for permitting free use of 
suitable illustrations from several of their elementary books in 
the various branches of science with which this volume is 
concerned. 

It is worth remark that although the book is, in a broad 
sense, a joint production, one of us (A. T. S.) is more directly 
responsible for Chapters I— XIII, and the other (L. M. J.) for 
Chapters XIV-XXIII. 

A. T. SIMMONS. 

L. M. JONES. 


London, Marchy 1898. 
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CHAPTER I 

PHYSICAL PROPEIITIES AND STATES OF MATTER 

What is meant by ** Matter.’* — Our earliest knowledge of 
the WT)rld teaches us that on every side we haye what w'e 
familiarly speak of as ihimfs of all kinds. We become aware of 
the existence of these things in diflerent w\ays. Some w'e feel, 
some we smell, some we see, some w^e taste, while others again 
make their existence knowm to us by the sounds we hear. On 
a windy day at the sea-side, sbxnding on the beach, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
bouring boat or the seaw'eed on the shingle ; we see a dist;int 
ship at sea or the clouds hurrying tacross the sky ; w’e taste the 
salt in the air ; and we hear the never-ceasing roar of the waves 
as they break in at our feet. All these things, about which w'c 
get to know by our senses, are called material things ; they are 
forms of matter. We must think of matter, then, as meaning 
all things which exist in or out of our world, which we can 
become aware of by the help of our senses. 

Different kinds of Matter.— Of course the number of 
different kinds of things is innumerable, but yet they can all 
be arranged in three classes, according to certain of the pro- 
perties they possess and which we shall immediately have to 
study. The classes are (1) Solid things or solids ; (2) Liipiid 
things or liquids ; (3) Gaseous things or gases. Sometimes the 
last two are mnde into one class and called fluids. 

What is meant by “Properties.”— We shall have occasion 
to use the word properties so often that it will be w^ell t« » clearly 
!E B 
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uiidersLinil wluit moaning the word conveys, and this can be best 
accomplished by one or two examjdes. We say a strawberry is 
sweet, or a strawberry has the property of sweetness ; the i)aper 
of the book is white, or the paper possesses the })roperty of 
whiteness ; the sun is bright, or the sun is noted for the ])ro- 
perty of brightness. Evidently, then, properiU's are cvriain 
effects caused hij the thi)ujs which are said ji>o.s.sp.s.s them.'' 

Properties possessed by all kinds of Matter.— Tlierc are 
cert/iin j)ro])erties ])ossessed in coniiiion by all kinds of matter ; 
these are said to ])e cjemral properi ies. 

1. Matter mast accupy a certain s/xwe, or possesses extension; 
the larger it is the larger the space occn])iod by it. 

2. It will further be obvious to every one tliat two materhd 
thiuys cauiad oc.c'\cpy the same space at the s(tme time. This ])ro- 
perty is expressed by saying that matter is impenetrable. Tf) be 
(juite accurate, we have to know something a})out the way in 
which matter is built uf). We shall see more fully later that it 
is generally sup})()sed that every kind of matter is built up of 
small constituent parts, which are incapable of division, and 
that it is really only these indivisible parts which are im- 
])enetrable. 

3. Matter offers resistance.— Wci become aware of this, in the 
case of solids, if we knock ourselves against the Avail or the 
t;iblo ; if wo swim or wade in water w'c know the same thing is 
true of water, and so we find it to be of all liejuids ; if we 
attempt to run with a screen in frtmt of us we become conscious 
of the resistance otfered by the air t(» our onward j>rogress, and 
from this argue that gas(>s, too, offer resistance. 

4. M(dter has weujht. — Without knowing the full significance 
of the expression ireiyht, we shall have a sufficiently clear idea 
of wdiat is meant by this pro])erty from its familiar use in every- 
day conversation. By lifting a solid we become conscious of its 
}>ossession of this property ; if w^e lift an cnijity bottle and then 
when it is full of any li(]uid, we shall find it is lighter in the first 
instance, or, as we say, the Ihjuid has weight. By the exercise 
of sufficient care, in just the same manner it can be shown that 
gases have weight. 

5. Matter transfers motion to other things when it strikes against 
them. — If we throw a stick at a cocoa-nut at a fair, or send a jet 
of water at a ball, or blow at a piece of paj)er, another of the 
general properties of matter can be demonstrated, namely, the 
power of giving motion to other things by striking against them. 
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All these general properties can be brought together in a de- 
finition— thus Matter occupies space, offers resistance, 

possesses weight, and transfers motion to other things 
when it strikes against them.” 

Other Properties of Matter. — Matter possesses other cha- 
racters or lU’operties which it will he useful for us to study. 
Though these, too, are general properties, it is possible to form 
a good elementary notion of matter without taking them into 
account, and it must be remembered that tliese proi)erties 
cannot all be applied to every kind of matter. We shall con- 
sider (1) Divisibility, (2) Porosity, (;3) Compressibility, (4) 
Elasticity, (5) Inertia. 

Divisibility. — Imagine some material body before you on a 
table. You know that with suitable means you can divide it 
into parts by cutting, that each of the halves can be again 
divided, and that the bisection can be continued as long as the 
knife is sufficiently fine and sharp to be able to cut the substance. 
Evidently, if you could only get sharper and sharper knives, 
and keener and keener eyes, this process of division could be 
carried on for a very long time. This proj)erty is what is 
understood by dimsUnlHij. 

Could this division go on for ever ? There are reasons for be- 
lieving that it could not. You could not go on dividing matter 
indefinitely ; by and by extremely minute and indivisible parts 
would be reached, called atoms. It must be at once understood 
that atoms have never been seen. We can only imagine what 
would be the end of our process of division. Our strongest 
microscopes bring us nowhere near the possibility of seeing an 
atom. 

Porosity. — We are all in the habit of associating this property 
with certain familiar forms of matter. The sponge we use in 
the bath has holes through it, or is, as we vsay, porou.s. A piece 
of blotting paper is another common example of an obviously 
porous material ; the substances used in filters must also 
evidently be porous, or else the water would not percolate 
through them. Porosity refers to the possession of these 
interstices or pares. In some cases, though we cannot see these 
pores with the naked eye, we easily perceive them with a 
microscope. The pores have often been shown to exist, even 
where it is difficult to imagine their existence, by forcing water 
through them. Thus Francis Bacon, in 1640, forced water 
through a very carefully closed sphere made of lead. 
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Exi»t. L -Filter some muddy water tlirougli a filter paper 
placed in a funnel (Fig. 1). The particles of water are small 
enough to pass through the pores of the paper, hut the solid 

particles of mud are too large, 
hence they are left behind. 

Expt. 2. — Procure a piece 
of chamois leather ; make it 
into a bag, and pour some 
mercury into it. Increase the 
pressure on the mercury by 
twisting the leather. The 
mercury is forced through 
the pores. This is a common 
Fia. 1.— Funnel and Filter-paper. way of filtering mercury. 

Expt. ‘S . — Half fill a baro- 
meter tube with water ; then gently add alcohol until the 
tube is nearly full. Make a mark on the tube at the level 
with the top of the licjuid column, and afterwards shake the 
tu])e so as to mix the water and alcohol well together. 
Observe that the volume of the mixture has diminished, the 
reason being that some of each liquid has filled up pores 
between the })articles of the other. 

Compressibility.— This property follows as a natural conse- 
quence of that just described. If pores exist between the 
indivisible small particles of which matter is built up, it ought 
to be possible, by the adoj)tion of suitable means, to make 
these particles go closer together. This is found to be the case. 
By pressing upon the body from outside it can be made smaller. 

This is very well known to be the case in gases, which can 
actually be made to become successively one-half, one-cpiarter, 
one-eighth, and so on up to at least one-hundredth of their original 
size. 

The same thing holds true in the case of solids, though to 
a much smaller extent. A familiar example of the compression 
of solids is seen when a druggist presses a cork between two 
pieces of iron in order to make it fit a bottle for which it was 
previously too large. But, generally, in the case of solids the 
pressure exerted has to be very great to bring about even a 
small comj>ression. 

It was believed for a long time that liquids could not be com- 
pressed, but it is now known that they can be very slightly 
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reduced in volume, that is, the particles can be forced nearer 
together. 

Thus we learn that comiyressihilUy 'is not onhj a consequence of 
porosity hut actually a ju'oof of its existence. 

Elasticity. — Imagine a gas to have been made to assume 
one-half its size by compressing it. What would happen if the 
pressure, which is the cause of the diminution, were suddenly 
removed 'i The gas would resume its original size or volume, 
and it would, so far as aj)i)earances are concerned, seem to have 
undergone no change. The gas is said to be perfectly elastic 
and the property which enabled it to go back to its original 
sLite is called elasticity. Similar results follow with li({uids ; 
they also are perfectly elastic. 

Some dilfereiices arise when solids come to be examined. 
Though the property can be developed in solids in at least four 
ways — by pressure, by imlliwj, by hotclincj, and by tmstiny — 
we need only in this connection consider the first, as it is the 
elasticity which is developed by pressure which is most marked 
in all forms of matter. Ivory, marble, and glass are examples of 
elastic solids ; while putty, clays, fats, and even lead are 
instances of solids with scarcely any elasticity. In a si^ientitic 
sense, glass is more perfectly elastic than india-rubber, because 
it returns to its original sha])e after it has been forced out of 
that shape, whereas india-rubber does not exactly return to its 
original shape. 

A solid will only resume its former dimensions when tlie 
pressure is removed, provided that the pressure is witliin a 
certain limit. If the pressure be more than this minimum 
amount, or if it exceeds the limit of elasticity, as it is called, 
the solid will not return to the initial size ; it will undergo a 
permanent change. As the student will see later from Ex})t. 10, 
this limit of elasticity is only exceeded in the case of india- 
rubber when the pressure applied is very great. 

Exi’T. 4. — Procure a slab of polished marble or some similar 
material and smear it with oil. Drop a billiard ball or a large 
glass marble from a considerable height on to the slab. Cratch 
it as it rebounds. Notice thiit a blot of oil is found where the 
ball came into contact with the slab. Compare the size of the 
blot with the spot which is formed when the marble is placed 
in contact with the slab. 

Evidently the ball underwent a compression as the result of 
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collision with the slab, and, by virtue of its elasticity, it regained 
its original size, causing the rebound. 

Inertia. — This property will be considered more fully in a 
later cha})ter, and we will let it suftice to say here that it is 
entirely a negative pr()])erty ; it may be expressed in a general 
way by the statement that inanimate bodies are incapable by 
themselves {)f changing their state of rest or motion. 

States of Matter.— Solids, Liquids, Gases.— The fact that 
there are three kinds of material things is well known to every one, 
and has been stated already. We must now add to this another 
idea, viz. , that the same matter can exist in three different 
states. 

Expt. 5. — Procure a lump of ice and notice that it has a 
particular sha})e of its own, which as long as the day is 
sutliciently cold, remains fixed. 

Expt. 6 .— With a sharp brad-awl or the point of a knife 
break it up into ])ieces, and ])ut a convenient quantity of them 
into a beaker. Place the beaker in a warm room, or apply 
heat from a laboratory burner or sj)irit lamp. The ice dis- 
a[)2)ears, and its [dace is Liken by what we call water. Notice 
the characters of the water. It has no definite shaj)e, for by 
tilting the beaker the water can be made to flow about. 

Expt. 7.- - Re] dace the beaker over the burner and go on 
warming it. Soon the water boils, and is converted into 
vaj)our, which sjireads itself throughout the air in the room, 
and seems to disaj)i)ear. The vajiour Cfin only be made visible 
by blowing cedd air at it, when it becomes white and visible, 
but is really no longer va[)Our, but has condensed into small 
dro])s of water. 

Here the same form of matter has been made to assume three 
states ; in other words, ice, water, and steam are the same form 
of matter in the solid, liquid, and gaseous state resiiectively. 

The change from one state to another may be sudden or 
gradual. -The circumstances attending the change from the 
solid to the li(juid, or from the lujuid to the gaseous sLite, are 
not always the same as we have seen in the case of water. 
When s(did iodine is heated, it ap[)ears to suddenly jiass from 
the condition of a solid to that of a gas. Cam[)hor is another 
instance of this sudden transition from solid to vapour. When, 
on the other hand, sealing-wax is heated, it very gradually passes 
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into the Ihjuid condition, and may be obtained in a kind of 
transition sbige— neither true solid nor true Ihiuid. 

Expt. 8 . — Warm a Florence flask by twirling it between the 
finger and thumb above the flame of a la})oratory Inirner. 
When it is too warm to bear the finger upon the bottom, intro- 
duce a crystal of i(»dine, and notice it is at once converted into 
a beautiful violet vapour. 

Exi’T. fl. — Warm a lumj) of sealing-wax or Ificycle cemeni 
i]i an iron sijoon, and notice the gradual conversion into a 
li(juid. 

There is no hard and fast line between the three conditions of 
matter we have mentioned. The reader will find as his know ■ 
ledge extends that intermediate stfites are known betw een those 
we have mentioned, but for the present it will be best to confine 
the attention to this simple division, reserving for future w^ork 
a study of these gradations. Wo shall now consider the dis- 
tinctive properties of solids, liquids, and gases. 


Distinctive Chauacteiis of Solids. 

A solid body does not readily alter its size or shape. It 
will keep its own volume and the same form unless sub- 
jected to a considerable force, — Another way of exjnessing 
the facts contained in the definition is to say that S(did>i poasess 
ryjidity. Hard solids are more rigid than soft ones. Li<{uids, on 
the other hand, possess no rigidity, but the opposite property of 
flowing or Jiitidihj. Lhiuid i^articles slide over one another so 
easily that the surface of a Ifijuid at rest is alw^ays horizontal. 
Fine sand may be made to flow, but the particles, however, do 
not move freely over one another, so the surface is left uneven, 
which fact provides us with a clear means of distinguishing 
between a solid and a liquid. 

Solids possess Elasticity. — It has been already shown by 
Expt. 4 that elasticity can be called into ])lay in solids by 
ju’essure, and w^e have now to jirove that it is also called into 
play by pulling, bending, or twisting. 

It would bike us farther into the subject of Physics than 
we can aflbrd sj)acc to describe lu»w the elasticity has been 
measured in these cases, but that there is an alteration of form 
when solids are treated in these ways can be easily shown. 
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Expt. 10. Fix one end of a piece of indiarubber cord, or 
tubing, abcjut two feet bmg, to a support. Stick two pins 
through this cord about 18 inclics aj)art. Tic 



the lower end of the cord into a loop, and 
then hang a weight by means of a hook from 
it. Measure the disbince between the j)ins 
before and after putting on the weight. 
Repeat the experiment with dillerent weights. 
You will notice that the cord can be stretched 
(.)!* elongated, because the weights exert a 
])ulling force upon it. If a long metiil wdi’c 
is used instead of the cord, the stretching 
can ]je measured in a simihir way, but it is 
much less ; for instance, a brass wire inch 
in diameter and eleven feet long elongates 
about 0*5 inch when a w’ eight of 28 lbs. is ])ull- 
ing it. 

Exi’T. 11. Procure a flexible wooden lath, 
and fix it horizontally by clam 2 )ing one end 
of it firmly. To the other end attfich a pin 
by means of a little wax. Place a rule verti- 
cally near the pin, as in Fig. 3. A weight 


Ki(j. L’. -Experiment 
1 0 illnstrati' tlu; lon- 
^fitudinal stretching 
of an india-rubber 


shtudd then be hung from the free end of 
the lath, and the amount of bending observed. 
Kee])ing the same weight, clamj) the lath 


cord. 


so that only half the j^revious length can 


bo bent, and again notice the amount of 


bending. Try also with other lengths. 

Expt. 12. Suspend a wire with a weiglit at its lower end, 
and under it a circle divided into degrees in a manner similar 



Fia. 3.— Meusuremuiit of the liuiidiritr of a Lath. 
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to that shown in Fig. 4. Notice the positif)n at which the 
weight conies to rest ; then twist the weight through a certain 


angle, and let it go. The 
weight untwists back to the 
starting ])ointand beyond it, 
and then s])ins in the way it 
was twisted, and goes on oscil- 
lating in this inanner until it 
comes to rest. Observe how 
long the weight takes to make 
tim or fifteen complete s])ins. 
Rcipeat the observation with 
wires of different length and 
diameter, and made of dif- 
ferent metals. The time of 
an oscillation depends upon 
the tendency to untwist, so 
that the exi)eriment shows 
that this depends, among 
other things, upon the len< 
wire. 



^th, diameter, and nature of a 


Solids possess Tenacity, Ductility and Hardness.— The 

force recjuired to tear asunder the particles of a body varies with 
different materials, in other words, some substances are more 
tenacious than others. 

1. Tenacity is measured byasccrtaininy what weight is necessary 
to tweak solids when in the form of wires. 

Exit. 18. Suspend a balance-i)an from the lower end of a 
thin copper wire atLiched to a beam. Add weights to the pan 
until the wire breaks. The force reejuired to break the wire 
is the joint weight of the balance-pan and the weights in it. 
Repeat the experiment with wires of the same diameter but 
made of difiereiit material. 

In making the measurement of tenacity, the area of the cross 
section of the wire must first be carefully estimated. By the 
cross section is meant the area of the end of the wii*e when it is 
carefully filed to be at right angles t*i the length. This cross 
section is estimated by measuring the diameter of the wire and 
calculating. ^ 

1 Area of croBs section — x — * 

7 4 
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It is found that a wire of twice the cross sectional area of 
another will be just twice as tenacious. Evidently, then, if we 
wish to cojii])are the tenacity of two wires of different materials, 
it will make the experiment much simpler if wires of the same 
cross section are selected. Cast steel is the most tenacious of 
all metiils, being about twice as much so as coj)per and forty 
times as tenacious as lead. But the tenacity of steel itself is 
exceeded by that of unspun silk, while single fibres of cotton 
can support millions of times their own weight without breaking. 

2. Daetddu is the 2n‘opert\i h\i virtm of which solids cun be made 
into inres. A ductile material is thus one which can be drawn 
out. The change of form in this case is produced by pulling. 
MalleabUity is a similar property to ductility, but the change of 
form is brought about l)y the application of pressure ; gold, 
copper, and lead, for instance, can be beaten out into thin plat Ais, 
and are therefore malleable substances. Lead is an example of 
a malleable material which is not ductile — it can be beaten out 
but cannot be drawn into wires. 

Platinum is the most ductile and gold the most malleable 
mehal known. Platinum has been drawn out into wire so fine 
that a mile of it weighs cmly one and a (juarter grains. Gold 
has been beaten into plates so thin that it would re(]uire three 
hundred thousand of them i^laced one above the other to make 
a layer an inch thick. 

3. Hurdness is ttie property by virtm of lohich stdids offer resist- 
ance to beiny scratched or worn by others. This is a j)ro])erty of 
great importance in the study of minerals, as it often affords a 
ready means of distinguishing them. The method of measuring 
hardness consists in selecting a series of solids, each one of the 
series being harder than the one above it, and softer than the 
one below it. At one end of the series, therefore, the hardest 
solid known is placed ; at the other end, the softest which we 
may wish to measure. 


Distinctive Characteus of Liqttids. 

We ha\’e now to learn the leading properties which li(piids 
possess, which distinguish them from solids on the one hand and 
from gases on the other. We have already learned that, being 
forms of matter, they have certain general characters in common 
with all other material things ; but what is there about a lic^uid 
which makes us give it a name of its own ? A liquid adapts 
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itself to the shape of the vessel containing it, but the con- 
ditions remaining the same, it keeps its own size or volume, 
however much its shape may vary. it is 'iwt held hy the 

sides of (I vessel it at once jloirs. This is the commonest everyday 
exj)erieiice. Ycai cannot get a pint of beer into a glass of half a 
pint capacity. It docs not matter what the shape of the bottle 
or jug may be — providing it holds a pint, as we say, or ])rovided 
its capacity is a j)int, the (piantity of beer taken to exactly fill it 
is always the same. If we turn the jug upside down, the l)eer all 
runs away because there is no ])art of the vessel to prevent it 
from Jioauny. The surface of liquids, too, enclosed by a vessel 
is always level. 

The Flow of Liquids. — The power of flowing is not perfect in 
lic^uids. Hie small })articles making up the licpiid always stick 
to one another a little, and when any j)art of a imiss of li(iuid 
moves, it always attempts to drag the neighbouring ])article, which 
is at rest, with it. We can sum this ujj by saying that liquids 
would flow perfectly if they i)ossessed no viseosity. Those Ifijuids 
which have little viscosity, or, what is the same thing, arc very 
mobile lii^uids, are instanced by alcohol and water ; while treacle 
and tfir have little mobility, but are very risnms. Evidently, 
then, there is a gradation in those forms of matter which have 
as yet come before our notice. At one end we have very mobile 
li([uids, which as the viscosity increases flow less and less easily, 
until at last there is no power of flowing at all, and we have the 
solid form of matter. 

Exi’t. 14 . — Procure specimens of treacle and j)itch. Soften 
the latter. Compare the consistency of the treacle and the 
softened pitch with 
that of water, and 
note the gradual in- 
crease in the vis- 
cosity of the licjuids. 

Liquids find their 
Level. If several ves- 
sels of the most varied 
shajjes (Fig. 5) are in 
communication with 

one another, and water „ „ , , 

r 1 • i I* — VcsBois of various shapes in communica« 

be poured mto any one tion. Water standing at same level in 
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of them, we shall find that as soon as the water has come to 
rest it will stand at the same level in all the tubes, however 
different the form of the vessels may be. It is this property 
of li(][uids which is utilised in the crmstruction of the mtter- 
lerd. Its construction and use will be easily understood by a 
glance at Fig. 6. However the doubly-bent tube may be 

standing, the line join- 
ing the two surfaces 
will always be level. 
This is of great service 
to surveyors and such 
people who must be 
able to find a level line 
for the purpose of 
Fio. ().— A Water-level. their observations. 

The following simple 
ex])eriment is useful in showing that the surface of a li(]uid at 
rest is level : — 



T. 15. — Into a shallow glass vessel pour enough mercury 
to cover the bottom. Atbich a ball of lead to the end of a 
line string, and so construct a phinih~lmc. Hang it over the 
surface of the mercury, and notice that the 


line itself and its reflection are in one and 
the same line. If this were not the case, 
that is, if the image slanted away from the 
plunil)-line itself, we should know the sur- 
face of the li(j[uid was not horizontjil. 

Liquids communicate Pressure equally in 
all Directions. — It will be desirable first to 
satisfy ourselves that Ihjuids communicate 
pressure, and then try to understand the 



second part of the statement, that they com- 
municate it ecjually in all directions. Imagine 
we have two cylinders in connection, as shown 
in Fig. 7. Into each cylinder fit a j)iston with 
a i>late attached to the top, as our illustration 
also makes clear. If we push one pisbm down, 


Fkj. 7.— To illus- 
trate llydrostjitic 
PreHsure. llic 
two eyliiuierH are 
. of the Kiiine Kize, 
HO equal weights 
u])oii the |)iston8 
balauee one an- 
other. 


we notice that the other moves u]». If we put 


a weight, say 10 lbs., on to each juston, they will exactly balance 
one another, and there is no movement in either case. Each 


piston is pressed upwards and downwards to an equal degree, 
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and in consequence does not move at all. Tlie experiment can 
be varied by making one cylinder horizontal, while the other 
remains vertical. In this case, also, if we push in the hori- 
zon bil piston we notice that the upright piston rises in just 
the same manner as before, showing us that jiressure is com- 
municated in differmt directvms. Finally, if we use a device 
after the pattern of our illustration Fig. 8, and fill it with water, 
when the piston working in the cylinder is 
jiushed down the jets spurt out e(][ually 
in all directions from the holes in the 
globe, thus showing that the pressure is 
communicated e(iiuilly in all directions. 

Hydraulic Press. — He verting to our 
first example in the last paragraj)h, and 
glancing at Fig. 7, suppose that the sur- 
face of the piston on the right had been 
twice as great as the other, and that, as 
before, weights of 10 lbs. had been placed 
upon each piston. They will no longer 
balance ; the right-hand weight is pushed s.— E quality of i.i- 

upwards, and to bring about a balance it Pressuio. 

would be found necessary to })ut 20 lbs. 

on the larger piston. Similarly, had the right-hand piston been 
a hundred times larger, we should have to put 1,000 l})s. upon it 

to bring about a balance. 




The upAvard force, then, 
is proportional to the ex- 
tent of the surface of the 
piston. This principle, 
which seems so diffeient 
from what we should 
naturally expect, is referred 
to as the H ijdrosbd ir J'arn- 
dox, and is utilised in the 
Hydraulic Press, called, 
after its inventor, the 
Bramah Press, which is 


Fig. 9.— Hydraulic Press. shown in Fig. 9. Here 


we have exactly the con- 
dition of things just described, two cylinders in connection, 
with pistons fitted into them, one much larger than the other. 
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The ai){)lication of a comparatively small force to the small one 
is felt on the larger one, and it is as many times greater in an 
upward direction as the piston of B is larger in area than the 
piston in A. This groat upward force is being used in the 
instance shown in the diagram to compress bales of wool. 

Liquids can be separated into Drops which will run 
together again. — Licjuids are able to form drops because of a 
property, known as cohesion, which they possess. The larger 
the drop which can be formed the greater is the cohesion between 
the particles of the litiuid. 

Cohesion is the mntnal attrartion which the molecvles of a body 
exert upon one another ; it is, indeed, the force which keeps the 
particles of a substance together. Cohesion is strongest in solids, 
which in its absence would crumble into powder ; it acts 
between tlie particles of liquids, but in gases it may said to be 
absent. 

The following experiments beautifully show this proj)erty of 
liquids : — 

Expt. 16. — Sprinkle some powdered resin on a board and 
then a little water. Notice the water collects in drops; the 
smaller they are, the more nearly spherical they are. Observe 
the same thing with mercury on a sheet of paper. 

Expt. 17. — Mix methylated spirit and water until a few 
drops of oil just float when the mixture is quite cool. I*our 
fresh oil, by means of a pipette, into the middle of the mixture. 
Notice spherical globes of oil can thus be formed, 

Expt. 18.— Observe that drops once formed can be made to 
run together again by coming in conbict. 

It will be as well before leaving this subject to learn in what 
way cohesion differs from another similar pro])erty possessed by 
some kinds of matter and which is known as adhesion. Adhesion 
denotes the attraction between unlike particles of matter. A 
metal plate may be made to adhere to glass ; and a postage stamp 
may be said to exhibit the existence of the force of adhesion when 
it is stuck upon an envelope. 

Another experiment will make clear the difference between 
this adhedon exhibited between the postage stamp and the 
envelope and the force of cohesion : — 

Expt. 19. — Carefully clean and polish two pieces of plate 
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glass, and then place one on the other. The two surfaces will 
be found to cohere, and considerable force will be required to 
separate them. 

Distinctive Chahacters of Gases 

Characters of Gases. — It has already been explained that the 
leading difibrence between a solid and a li(piid is the power of 
flowing which the latter possesses. Gases also j)Ossess fluidity, 
and to a much more marked degree than liquids. But whereas 
li(]uids are almost incompressible, gases are very easily com- 
pressed into a much smaller space according to a definite 
law, viz., just in that j)roportion in which you increase the 
pressure on a gas do you decrease the volume which it occupies. 
Nor are these the only differences. A liquid always adajjts 
itself to the shape of the conLiiiung vessel, and presents a level 
surface at the top ; a gas, on the other hand, will, however small 
its volume, immediately si)read out and do its best to fill a vessel, 
however large ; and it does not present any surface to the sur- 
rounding air. We can never sjiy exactly where the gas leaves off 
and the air begins. Another distinction will be more fully 
a])preciated after we have considered the action of heat u])on 
the volume of bodies. We shall learn that, generally s]>eaking, 
all bodies get larger as they arc heated ; this is very much more 
decidedly the case with gases ihan with liquids. Gases, then, 
are easily compressible and expand indefinitely. 

We shall learn that gases expand equally when heated to tJie 
same extent, but this fact and others will be much l)ettor under- 
stood in their proper jflaces. 

Other Proferties of Matter 

Constancy of Weight in different States.— When a solid is 
c(m verted into a Ihpiid, or a li<pud into a vapour, no change of 
weiglit is experienced. Tliis has been found to be true in all 
cases, and the following experiments will illustrate the fact : — 
Expt. 20. — Boil water in a flask or a retort, as in Fig. 10, 
and catch the condensed steam, taking care that none esca])es, 
in another flask kept cool by resting in water. The water thus 
collected will be found to have the same weight as that boiled 
away. 

Expt. 21. — Place a piece of ice in a flask suspended from 
one arm of a balance. Counterpoise the flask with the ice in 
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it ; then melt the ice by warming the flask, and show that the 
counterpoise is unaltered. 

Expt. 22. — Put some warm water in a flask .and some salt in 
a piece of paper. Counterpoise the fl/isk (.)f water and the 
paper of salt bigether and then dissolve the salt in the water. 
The tobil weight remains unaltered. 

No kind of Matter can be destroyed.-— There is a certain 
fixed amount of matter in the universe which never gets any less 
and never any greater. If we confine our attention to the earth, 
we cannot say that it never receives an additirm to the matter of 
which it is built, for every year it is receiving numbers of small 



Fio. 10. — Condensation of Steam. 

solid bodies which are continually falling upon its surface from 
outside space. But the proposition means that in those cases in 
which it is popularly supposed there is a loss of matter, bu- 
instance when a fire burns out, no such destruction has taken 
place, but only a change in the form assumed by the matt(;r. 
It will make the stjitcment quite clear if we follow out what 
really bikes place when a candle burns, and, as it would seem, 
gradually disappears. 

Expt. 23. — Over a burning candle hold a white glass bottle 
which has been carefully dried inside and out. Observe that 
the inside of the bcjttle becomes covered with mist and afUu’ a 
short time drops of liquid are formed which run down the 
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sides of the bottle. Th^ hitniin^ of the candle has resnlted in 
the formation of a new form of matter. 

Expt. 24. — Allow the candle to burn in a similar bottle 
placed on the table. After a time the candle ceases to burn, 
and when this has happened take the candle out and cover the 
bottle over with a glass plate. Notice that no change seems 
to have taken place in the gas which filled the bottle. Now 
]it)ur some clear lime-water into another clean bottle and shake 
it lip, the lime-water remains clear. ^ Lift off the glass jilate 
fuid do the same with the bottle in which the candle has been 
burnt, the lime-water turns milky. The himmaj of the candle 
has also resnlted in the formation of a nciv hind of mailer, viz., 
a ^as which inrns clear lime-water clondy. 

Evidently, then, when a candle liurns it ceases b) exist as 
tallow or wax, or whatever the candle is made of, and assumes 
new forms, still material, one liquid, the other a gas which turns 
lime-water milky. If wo were to weigh all the li(|uid formed 
and all the gas which turns lime-water milky, we should find 
that these two things together 
actually weigh more than the jjart 
of the candle which has disap- 
})earod did. The reason why 
there is an increase of weight 
will be explained later. The 
arrangement for performing this 
ex])criment is shown in Fig. 11. 

The candle is burned in a wide 
tube, A, fitted with a cork at 
the bottom with holes in it to 
allow the air, which is neces- 
sary to help the candle to burn, 
to })ass in as shown by a bent 
arrow. The tube B is filled with 

a substance which has the T)OWer ll.- Apparatus t.» show that no 
. ,, 1 1 P matter is destroyed w lien . I candle 

of arresting the jiroducts of the burns. 

burning. Such a subsbince is 

caustic soda, which is used in the form of lumps. Air is drawn 
through the ajiparatus as shown by the arrows. 

1 There may be a niilkine«H owinjj: to the preHeiice in the air of the gas 

which is formed. If no the experiment must be made comparative. 
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Befoie tlie experhncut is started, the candle is weighed and 
also the tube containing the lumps of caustic soda. After the 
experiment the same things are weighed over again. It will be 
found that the tube B has increased in weight to a greater extent 
than tliat of the candle lias been diminished. We are quite 
sui’e, therefore, that there has been no loss of matter. 

Chemists have satisfied themselves that this is universally true, 
and it must be remembered as a truth of the highest importance, 
matter is indestructible. 


Chief Points of (>11 after I. 

Matter. -Wlien wt; .‘<p(‘ak of matter we mean all tilings which 
exist ill or out of oui- world, wliich we can become aware of by the 
help of our senses. 

Properties are certain effects caused by the things which are said 
to possess them. 

Properties possessed by Matter. — Matter occupies syiacje, offers 
resislaiKJc, possesses weight, ami transfers motion to other tilings 
when it strikes against them. 

The same Matter can exist in three different States. -The throe 
states of matter are the solid, liquid and gaseous. By suitable 
means, as in the exjieri merits descrilied in the chapter, the same 
portion of matter ean be iiuule to assume these states in order. 
Sometimes the cjliange from one state to another is gradual, sorrie- 
tim(is sudden. Tliere is no hard and fast line between the three 
conditions of matter. 

Distinctive Characters of Solids. — A solid body does not readily 
alter its size or sliajie. It will kee}) its own volume and the same 
foi-in nnless siihjected to a e-onsiderable force. Or, we may say solids 
possess T igidit3\ Solids comimmicate pressure in one direction only. 

Solids possess Elasticity, Tenacity, Ductility and Hardness. 

Elnsfirity is the tendency to go hack to the oi'iginal form or volume 
after being forced out of it. 

Tcunnty is measured liy ascertaining what weight is necessary to 
break solids when in the form of wires. 

is the property l>y virtue of which solids can be made 

into wires. 

MaUmhUifjf is a similar property to ductility which enables 
certain solids to fie beaten out into sheets. 

H(mlu< ss is th(! property by virtue of which solids offer resistance 
to being seraUjficd (ir worn liy others. 

Distinctive Characters of Liquids.— A lujnid adajits it.self to the 
sliape <)f the vessid containing it, fnit the conditions remaining the 
same, it kccyis its own size or volume, however much its sliaiie mav 
vary. 

Liquids possess Fluidity. —When a liquid is not held by tlie aides 
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of a vessel, it at once flows. This power of flowing is not perfect in 
liquids, or we may say, liciuids are not perfectly mobile. They all 
possess a certain degree of rwrotfify. 

Other Properties of Liquids. — They find their level. They com- 
municate pressure e(jually in all directions. I’hey can be separated 
into drops which will run together again. 

Distinctive Characters of Oases. — They possess fluidity to a much 
more marked degree than liquids. Unlike liquids they can easily 
be compressed into a much smaller space. A gas, however small its 
volume, will spread out and do its best to fill a vessel, however 
large. Expressed shortly we say, gases are easily compressible and 
expand indefinitely. 

Constancy of Weight in different States. — When a solid is converted 
into a liquid, or a liquid into a vapour, no change of weight is 
ex])erien(!ed. 

Matter is Indestructible. — There is a certain fixed amount of 
matter in the universe which never gets any less and never any 
greater. Whatever changes may occur in the composition of matter 
there is never any loss of weight. 


Questions on Chaftek I. 

1. What do you understand by “matter,” or, a “material 
thing *’ ? 

2. Give some of the properties which are possessed by all kinds of 
matter and explain in your own words what is meant by a 
property. 

3. Describe experiments which prove : — 

(a) That solids arc porous. 

(h) That licpiids, too, contain pores. 

4. What experiment could you perform to .show that a solid, say 
a billiard ball, is elastic? Explain as well as you can what you 
mean by elasticity. 

fi. The same portion of matter can, under suitabk* conditions, 
assume dill'erent states. Describe fully some exi)eriment which 
illustrates this statement. 

fi. What evidence can you give that the difl’erent states of matter 
gradually shade into one another? 

7. What properties are generally a.ssociated with matter in the 
soli<l form ? (live a definition of a solid which includes the chief of 
these. 

8. In what respects are liquids different from solids ? 

9. How do gases and licpiids differ ? 

10. What property in particular is possessed by liquids and not 
by solids? And what character has a gas which neither liquids nor 
solids possess ? 

11. What property is it which liquitls possess which cmd)les them 
to form drops? Describe another experiment which also shows the 
possession of this property by liquids. 

12. Give in the form of a definition the distinctive properties of a 
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liquid. What name do we give to the property which preventfi 
li(]ui(ls from bfirig perfectly fluid and what do you know about it ? 

13. Describe experimentH in support of the assertion that liquids 
(jommuiiicate ))ressure equally in all directions. 

14. What is meant by the “hydrostatic paradox”? Desciibe 
some useful a})])a.ratus in which this priiici])le is utilised. 

IT). How wouM you show by ex])criment that the W(nght of the 
same ])ortion of matter in difterent states is constant. 

16. On what grounds is the assertion that “Matter is inde- 
structible ” based ? 



CHAPTER II 


UNITS OF LEN(iTH, AREA AND VOLUME 


Measurement of Length.— We luive fi’om time to time in 
tlie preceding chapter referred to lengtiis as l)eing of so many 
yards, or feet, or centimetres, and it is desirable, before going 
further, to accpiaint the student with the exact signiticance of 
these and other measures of length. It is clear that before 
comparing any one length with any other we must have some 
standard to which we cfin refer them. In this country the 
standard adopted is the length between two njarks on a ])latiniim 
])ar kept at the Excheciuer Chambers, the bar being at a certain 
fixed temperature when the measurement is made. This length 
is quite arbitrary and is called a yard. The yard is subdivided 
into three equal parts, each of which is a foot. The foot is in 
its turn divided into twelve equal parts, called inches. Multiples 
of the yard are also used and special names given to them, 
thus : — 


2 yards 
yards 
40 poles 
furlongs ) 
1,700 yards ) 


= 1 fathom. 

= 1 rod, pole, or perch. 
= 1 furlong. 

= 1 mile. 


vV e have given these in full to show how clumsy and unsatis- 
factory the British measures of length are, and to point out 
that it is for this reason they are not used in scientific work, 
even by British men of science. 

French geometricians decided that such an arbitrary standard 
was, in view of the chance of its loss or destruction, an undesir- 
able one, and suggested that if a fraction of the circumference 
of the earth were taken they would, in the event of the loss of 



10 milliinotros 
10 coiitimotres ^ 
100 millimetres S 
10 decimetres ^ 
100 centimetres > 
1,0(X) millimetres J 

The multiples of the 
hecto-, find kilometres. 

the following table : — 

10 metres 
100 metres 
1,000 metres 

Tlie kilometre is eciual 
mile. 


“ 1 centimetre. 

— 1 decimetre. 

= 1 metre. 

metre arc named deka~, 
Their value is seen fi’om 


= 1 dekametre 
“ 1 hectometre 
= 1 kilometre 

to about three-fifths of a 


Exercises in Linear Measurement.— Ex i^. 

25. — Procure a rule divided into inches and j){irtK of an inch 
on one edge, and centimetres and parts of a centimetre 
on the other. Measure the length of this page both in 
inches and centimetres ; also determine other lengths in the 
two systems of measurement. 

Put down the results in parallel columns, as shown below, 
and from them calculate the number of centimetres in an inch. 
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j Jjeiigtli ill 


Expt. 26. -- Draw a lino a inotre long and one a yard long cIoho 
to it. Measure the length of tlie metre line in ineJjes and 
fractions of an inch, and the Jengtii of the yard line in centi- 
metres. In this way find 

Number of inches in one metre = 39 ’3. 

Number of centimetres in one yard = 91*4. 

Exi’T 27. — Draw a line one foot long and find its length in 
centimetres ; draw another a decimetre long and find its 
length in inches. In this way determine 

Number of centimetres in one foot = 30*5. 

Number of inches in one decimetre = 3*9. 


Lcnjjth in iiirlies. 


No. of ct'iitinn-'trcs. 
No. of l!H-ll<-S. 


Exi’T. 28. — Measure the length of your desk, fir of a table, 
or other convenient object, in inches and decimals (tenths) of 
an inch. Determine the sfinic length in metres and di cimals 
of a metre. Use the results to determine the number of 
inches in a metre, thus : — 


Loiii^th ill inches. 

1 

' No. of inches. 

Length m metn-s. , j.;, 





Relation between British and Metric Units of Length.— 

The exact relations between linear measures in the British and 
Metric systems of units are .shown in the following tables, and 
also in Fig. 13. 

Metric to British. 


1 millimetre 
1 centimetre 
1 decimetre 
1 metre 
1 metre 
1 metre 
1 kilometre 


0*039 inch. 
0*394 inch. 
3*937 inches. 
39*371 inches. 
3*281 feet. 
1*094 yards. 
0*621 mile. 
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Briiish to Metric. 

1 inch ^ 25-399 millimetres. 

1 foot = 0*305 metre. 

1 yard — 0*914 metre. 

1 mile = 1009*000 metres. 

= 1*609 kilometres. 


Simple application of Measurements of Length. — 

Expt. 29. — Measure the circumference of a glass bottle by 
winding a strip of paper around the curved 
surface and marking the i)oint where the 
edge meets the commencing corner. Deter- 
mine the length of the paper from the 
corner to the mark by measuring it with a 
centimetre scale. Next measure carefully 
the diameter of the bottle. Kepeat the 
exi)eriment with other objects, such as a 
cylindrical canister or a wooden cylinder 
or disc. Set down the results in ])arallel 
columns and use them to find the ratio of 
the circumference of a circle to the dia 
meter. 






u 


Diameter. 


Circumference. 


Circumference. 


7 


Measurement of Area.— In describing 
the measures of area (or space of two di- 
mensiims) according to the English system 
we use the same names as when measures 
of length are referred to, simply prefixing 
the word sqwire. Thus we speak of square 
inches and s(j[uarc feet, and since there are 
12 linear inches in a linear foot, there will 
be 12 X 12 = 144 square inches in a square 
foot, and similarly throughout the measure. 
In the same way it is the custom to speak 
of an area, as of so many square centimetres, or square metres, 
as the case may be. 
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British Units of Area, 


144 square inches 
9 square feet 
30^ square yards 
40 square poles 
4 roods 
040 acres 


= 1 square foot. 

^ 1 square yard. 

= 1 square rod, pole, or perch. 
— 1 rood. 

= 1 acre. 

= 1 square mile. 


Units of Area in the Metric 
100 s(juare millimetres = 1 
10,000 square millimetres! 

100 square centimetres ) ~ ^ 
1, 000, 0(X) square millimetres \ _ ^ 
10,000 s<juare centimetres j 
1(X) square decimetres J 
10 centiares = 1 

10 deciares = 1 are = 1 

10 ares = 1 

10 dekares = 1 hectixre = 1 


System. 

square centimetre, 
square decimetre. 

square metre, 
centiare. 

deciare. 

s(|^uare dekametre. 
dekare. 

scj^uare hectometre. 


Exercises in Measurement of Areas.— Expt. 30.— Draw 
several right-angled triangles (as in Fig. 14) and carefully 
measure the lengths of the sides of efach of them. 



Square each of these numbers and set down the results in 
parallel columns, as here shown : — 


(AC)2. 1 (AB)2 + (AC)- 

1 . . 

(nc>i. 

i 

1 

1 



This is not only an exercise in measurement, but the results 
will show that the square of the longest side of a right-angled 
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Pig. 16. — Square divided into Units of Area. 


centimetres, and use your results to find the number (»f 
square centimetres in one square inch, thus : — 


I Area of a ^fiven rectangle 
in square indies 


Area of same rectaiiKltJ 
in square centiinetres. 


Square centimetres. 
Sijuare inches. 
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Expt. — Draw a scjuare foot and a square decimetre and 
find the number of square decimetres in the s([uare foot, and 
the fraction which one S(|uare decimetre is of one scpiare fof)t. 

Exj*t. .‘U. — If convenient, draw a wjiiare yard and a square 
metre iqxjn a blackl)oard or a lar^e slu*et of 2 )a])er. Detiirmine 
the area of tlic s(|uareyard in decimals r)f a scjuarc metro, and 
the area of the s<|uare metre ni s<juai e yards. To obtain tlie 
latter result, the number of square inches in one Sijuare metre 
is determined, and the result divided hj the number of w^uare 
inches in a s(juare yard. 

Relation between British and Metric Units of Area.— 

These exercises have shown roughly the relation between the 
measurements of areas ex]»ressed in the metric and British 
systems of units. Tlie exact 2 »ro]H>rtions wliicli the units of area 
in tlie two systems bear to one another are shown in the following 
tabh‘ : — 

Mi'frir /o Ih'ilish. 


1 scjuarc centimetre 
1 s( 2 uare decimetre 
1 s<iuare metre 

1 are (100 sciuare metres) 

1 hectare (10, (XX) square metr 


= 0*155 S(juare inch. 

= 15*5(X) siiuare inches. 
= 10*7(>4 sijuare feet. 

= 1 *100 S(|uarc yards. 

= IIO'OO,*! squ.are yards. 
1 = 2*471 acies. 


British io Mviric. 

1 square inch = 0*451 s<|uare centimetres. 

1 square foot = 9*280 s(j[uare decimetres. 

1 square yard = 0*8il0 sijuare metres. 

1 acre — 10*117 ares. 

1 square mile = 258*089 hectares. 

Determinations of Areas. — Tt has already been explained 
that the area of a scpiare 
or an oblong can be de- 
termined by dividing the 
figure into units of area 
and counting the number 
of units. Paper can be 
jirocured divided into 
squares of a definite size, 
similar to those rejire- 
sented in Fig. 17. By 


C D 



Fiu. 17. — ^Tho Area i)f the ranillelognim 
CAH1) is tlie same as that of the Uhlong- 
CBPD. 
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means of “ squared” paper of this kind, the area of any figure 
can be found by drawing the figure upon the paper and count- 
ing tlie iiuinl)er of squares embraced by the boundary lines. Tf 
“squared ” paper is not available, the area is still easily found 
by dividing it up into square centimetres with a T-square and set 
s(^uares. 

Expt. 35. — Draw an oblong, such as CEFD (Fig. 17), upon 
squared paper and find the number of squares it contains. 
Draw a parallelogram CARD with a base equal to the base 
of the oblong, and a height equal to that of the oblong. Count 
the number of scj^uares in the parallelogram (counting the por- 
tions of squares as quarters, halves, and three-fjuarters). The 
number will be the same as that found for the oblong. No 
matter what parallelogram is drjiwn, the area will be found to 
be the same as that of an oblong on the same base .and having 
the same height. 

Exi'T. 36. — Draw a parallelogram on p.aper or thin card and 
then cut it in two from comer to comer. You have now 
two tri.angles, and by laying one on the other you will find that 
they fit and are e(j[ual. 

Exi*t. 37. — Draw any irregular figure upon squared paper 
.and count the number of scpiares embraced by it. If the size 
of the squares is known, the area of the figure c.an be deter- 
mined in this way. The area of .any irregular figure can 
evidently be determined by tracing the figure upcm scpiared 
paper and counting the number of squares included by the 
outline, or by actually dividing it into squ,are centimetres as 
shown above. 

Measurement of Volume.—Wlien we come to measure 
volumes we are dealing with three dimensional spaces ; .and 
just as a plane surface or area measuring one foot in each of 
the directions, length and breadth, is called a square foot from 
the name of the figure which it forms, so a solid which is ob- 
tained by measuring a foot in three directions, at right angles, 
length, breadth, and thickness, is called a cubic foot, from the 
name cube given to the solid so formed. Similarly using the 
metric system, we may speak of a cubic metre, or a cubic 
decimetre. 

The amount of space enclosed by a solid figure is called its 
volume. The volume of a solid is the space it occupies or its 
size. The volume of a vessel is the amount of space it encloses. 
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In the metric system a special name is given to the volume of a 
cubic decimetre, that is, a cube having a decimetre edge. It is 
called a litre, and is e<iual to about one and three-(juarters 
English j)ints. The sub-multi] des and multiples of a litre are 
named in a similar way to those of the metre. There is no 
such sim])le relation between the measures of length and volume 
in the English system, though the gallon is defined as a measure 
which shall contain 10 lbs. of ])ure water at a certfiin tem])era- 
ture and })rcssure. 

Bnlvih Units vf Vnhic Measure or Vohime. 

1728 (= 12 X 12 X 12) cubic inches = 1 cubic foot. 

27 (= 3 X 3 X 3) cubic feet — 1 cubic yard. 

Units af Volwne in the Metric System. 

10 Centi litres — 1 deci litre. 

10 deci-litres = 1 litre ^ - 1 cubic decimetre. 

10 litres = 1 deka-litre. 

10 dcka-litres — 1 hccto-litrc. 

10 hecto-litres = 1 kilo-litie = 1 cubic metre. 

Exercises in the Measurement of Volumes. - Ex pt. 38. 

— Out out a cubic centimetre and a cubic inch from a ])iece of 
soa]), or ])rocure 
them made in wood. 

If possible, procure 
also a cubic deci- 
metre divided into 
centinieti e cubes 
like the cubic foot 
shown in Fig. 18. 

Place one cube alone 
on a table ; then add 
nine more to it, so 
as to make a row (d 
10 cubic centimetres 
(10 c. cm.). Place 
10 such rows u])on 
one another and there are 100 c. cm. ; and 10 such slabs of 
100 c. cm. each make altogether 1,000 c. cm. One cubic 
decimetre is thus shown to contain 1,000 c. cm. 



Fio. 18.— Showing a small cube, a row of 12 
cubes, .a slab of 12 rows, and a culx) of 12 slaljs. 
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The exercise also demonstrates th&t volume involves length, 
height, and breadth. 

Exi*t. t39. — Construct a cubical box of a decimetre edge 
out of cardboard, and make it water-tight by varnishing. 
The capacity or volume of such a box is a cubic decimetre or 
a litre. Make similar boxes 1 cubic centimetre and 1 cubic 
inch in cai)acity. 

Exit. 40. — Procure a half-pint glass measure graduated 
into fluid ounces, and one graduated into cubic centimetres. 
Use these glasses to determine the number of c. cm. in a 
half-pint, and the number of fluid ounces which are e<iual to 
1,0(X) c. cm., that is, 1 litre. 

Exit. 41. — Fill the cubic inch box, from Expt. 30, 
with water, and by pouring the water into the jar graduated 
into cubic centimetres, determine the number of c. cm. in a 
cubic inch. 

Relation between British and Metric Units of Volume.— 

These exercises approximately show the relations between the 
units of volume or capacity in the British and metric systems of 
measurement. The exact eiiuivalents are as follows : — 

Metric to British. 

1 cubic centimetre = 0*001 cubic inch. 

1 cubic decimetre = 61 *027 cubic inches. 

1 cubic metre = 35*316 cubic feet. 

== 1*308 cubic yards. 

1 litre = 1*761 pints. 

British to Metric. 

1 cubic inch = 16*386 cubic centimetres. 

1 cubic foot = 0*028 cubic metre. 

= 28*315 cubic decimetres. 

1 cubic yard = 0*764 cubic metre. 

1 pint = 0*568 litre. 

1 ([uart = 1’136 litres. 

1 gallon = 4*543 litres. 

Simple Application of Volume Measurement.— The student 
cannot have failed to notice that the 

volume of a cube = area of the base x height 
( in, c.ff., c. cm. or c. inches). (in, c.ff., sq. cm. or sq. (in, c.ff., cm. or 

inches). inches). 
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The volume of any rectangular block, or of a cylinder, can be 
calculated by the aijplication of the same rule. This can be 
easily understood })y referring to the accompanying diagrams 
(Fig. 19). Tlie base of each block illustrated is divided into 
units of area — say, stjuare centimetres. If we consider the cube 
to be divided into slices one centimetre thick, each slice could be 
divided into cubic centimetres, and the number of cubic centi- 
metres would be the same as the number of square centimetres 
in the base. Hence, if the base had an area of 30 sejuare centi- 
metres, the slab 1 centimetre high would contain 30 cubic 
centimetres. Two such slabs would therefore contain 60 cubic 
centimetres, three slabs 90 cubic centimetres, and so on for any 
number of slabs. The volume of any block having the same 
width and breadth all the way up may evidently be reasoned 




Fig. in. — VolumcK of Kegular Solids. 

out in the same manner, being equal to the area of the base 
multijilied by the vertical height. 

To determine the volume of an irregular solid, we proceed by 
an indirect method as follows : — 

ExrT. 42.— Fill the cubic inch box with water and ))our the 
water into a narrow glass jar or bottle. Make a mark upon 
the bottle level with the top of the water. Repeat the opera- 
tion until the vessel is full of water. A bottle graduated into 
cul)ic inches is thus obtained, and it can be used to deter- 
mine roughly the volume of an irregular solid such as a piece of 
lead, a glass stopper, a few nails, or any solid heavier than 
water which will go into the bottle. Fill the bottle about 
three-( quarters full of water, observe the level of the water, 
and then gently dro]) in the chosen object. From the rise of 
water-level which immediately takes place, the volume of the 
object can be estimated. 

£xft. 43. — Repeat the last experiment, substituting the 
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jar graduated into c. cm. The volume of the solid used, in 
metric units, is shown by the rise of the water above its 
original level. 

If tlie object is lighter than the li(|uid emjdoyed, a sinker madt' 
of lead or iron should be employed. First find the volume of 
the sinker as in Expt. 42 ; then take the sinker out of the water 
and tie it with thread to the light object, and place them both 
in the jar. The additional rise of level which takes place will 
give the volume of the object itself. 


CiTTEF Points op Chatter TI. 

Measurement of Length. — In the British system the standard of 
length is the yard. It may be defined as the length between two marks 
on a platinum bar kept at the Exchequer Chambers, tlic bar being 
at a certain fixed tempei’ature when the measurement is made. The 
yard is subdivided into feet and inches. The multiples of the yard 
are given on p. 21. 

In the metric system the standard is the metre : it may be defined 
as the length, at a certain temperature, between two marks on a 
platinum bar kept at Paris. It is ecpial to 39*37079 inches. It is 
subdivided into decimetres., centimetres and millimetres. The multiples 
are the dehametre, hectometre and kilometre (p. 22). 

Measurement of Area. — In measuring areas or space of two dimen- 
sions, the same names are employed as when speaking of lengths 
with the word sqiiare prefixed. We thus get such terms as square 
foot and square decimetre. Since there are 12 linear inches in a 
linear f(K)t there will be 12 x 12= 144 square inches in a square foot. 
The British and metric units of area are given on p. 25. 

Measurement of Volume. — In measuring volumes, or space of three 
dimensions, we employ, in the British system, such terms as cuhic foot 
and cuhic yard. Since there are 12 linear inches in a linear foot 
there will be 12 x 12 x 12=1728 cubic inc.hes in a cubic foot. 

In the metric system a special name is given to a cuhic decimetre, 
that is to the volume contained by a cube having a decimetre edge, 
it is called a litre and is equal to about one and three-quarters 
English ))ints. The names of the multiples and sub-multiples of the 
litre arc formed in the same way as in the case of the metre (p. 29). 

Belation between British and Metric Units in the eases of length, 
area and volume are given in the course of the chapter and should 
be carefully examined by the student. 

QuEvStions on Chapter II. 

1. What is the necessity for units of length, area and volume? 
What is the unit of length in common use in this country and how 
may it be defined ? 

2. What is the unit of length in the metric system ? What rela- 
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tion was it originally meant to bear to the earth’s circumference ? 
How would you define the metric unit of length in common use ? 

3. What advantages do you associate with the use of the metric 
system ? 

4. Give the multiples an<l sub-multiples of the unit of length in 
the British system. How are they related to one another? 

5. What names are given to the multiples and sub-multiples of 
the metre ? Compai’e the metre and the yard in terms of one 
another. 

6 Compare and contrast the British and metric systems of area 
and volume. 

7. Explain how the metric units of volume and length are 
related. Is there any such simxde relation in the case of British 
units ? 

8. Describe an exjieriment for <lctermining the volume of a st>lid 
heavier than water. 

9. How would you proceed to find out the volume of a cork or a 
(leal cube ? 

10. Write down the length of a metre in yards, feet and inches. 
How many centimetres are there in a metre, and lujw many milli- 
metres in a centimetre. 

1 1. How many millimetres and centimetres are equal to the length 

of an inch. ^ 


Li 



CHAPTER ITI 

UNITS OF TIME, VELOCITY AND ACCELERATION 

The Earth’s Rotation.— The apT>arent daily motion of the 
sun and sbirs across the sky is a direct consec^uence of the 
eai-th’s rotation on its axis. The sun appears to regularly go 
through certain periodic changes of position. It rises, travels 
higher and higher into the sky, reaches its highest position, 
sinks lower and lower, and timilly sets. When the sun is at its 
highest altitude on any day it is due south, and is siiid to south 
or be soiithinri. The interval of time between the sun’s highest 
position on any one day to its coiTes])onding ])osition on the 
next succeeding day is an apparent solar day. These appjirent 
solar days vary in length throughout the year. 

Exvt. 44. — Fasten a small rod at right angles to a fiat 
board. Place the board flat on a table so that the rod is 
vertical. Move a candle in a semicircle above the table, and 
note tile change in the angle that the shadow of the rod 
makes. Compare the conditions of the experinumt with the 
measurement of the solar day by means of a sun-dial. 

Mean Solar Day.— It has l>een jKunted out that the length of 
days measured by the sun varies throughout the year, hence no 
single one of these days will do for a convenient standard of time. 
But if the lengths of all the days in the year be added together, 
or the length of a year measured by the sun be divided by the 
number of days in the year, we obtain an interval of time which 
is always the siuiie. Such a day, which is of course an imaginary 
one, is called a mean solar day. Sometimes the mean solar day 
will be longer than the solar day, sometimes it will be shorter, 
and occasionally both days will be of exactly the same length. 
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Solar time is known as apparent time, and clock time as mean 
time. 

Sidereal Day. — Just as in the case of the sun so with all the 
stfirs, they rise, south, and set. But whereas with the sun the 
interval between two successive southings varies throughout the 
year, it is found that the time which elapses between two 
succeeding southings of a star at any season of the year is 
always the same. This interval constitutes a star or sidereal 
day. 

Period of Rotation of the Earth.— As the apparent motions 
of stars across the sky are produced by the rotation of the earth, 
it will be evident that the exact time of rotation can be deter- 
mined by finding the interval which elapses between two 
successive returns of any particular star to the sfime point of the 
sky. A star may, indeed, be regarded as a fixed reference mark 
under which the earth turns ; so that by observation of it we are 
able to determine the time taken by the eart h to spin round once. 
The interval between two successive transits of the same star, or, 
as it is called, a sidereal day, is the time of such rotation. 

No matter what star is selected for observation the interval is 
the same, thus showing that the earth is a rigid body, and that 
all })arts of its surface have the same angular velocity. 

Units of Time. — The sidereal day, like the mean solar day, 
is suMivided into hours, minutes, and seconds, but as the latter 
is four minutes longer than the former, the units are not of the 
siune value. We may take either the mean solar second as the 
unit of time, or the sidereal second. In the former case the unit 
is founded on the average length of the solar day, and in the 
latter upon the length of the invariable star day, or the time of 
rotation of the earth upon its axis. But in either case the 
second, that is, the unit of time, is the 86,400th part of the 
day used. 

Tn physical measurements the unit of time adopted is the 
movii solar second, that is, it is founded on the average time 
reejuired by the earth to make one complete rotation on 
its axis relatively to the sun considered as a fixed point of 
reference. 

Instruments for Measuring Time.— We need only concern 
ourselves with the modem contrivances for measuring time, viz., 
clocks and watches. It will be sufficient to regard these as in'- 
struments for measuring intervals of time in terms of the mean 
solar day to which attention has been directed. In a clock the 

D 2 
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rate is regulated by means of tlie pendulum, the proi)erties of 
which can be best understood by an experiment. 

Expt. 45. — Attach a weight to the end of a cord. Fix the 
cord in such a way tliat the pendulum can oscillate freely. Set 
it oscillating, and notice how long it takes for the j)enduluni to 
complete a given number, say twelve, swings. Keeping the 
cord exactly the same length, attach a heavier weight and 
rejieat the experiment. The time of swing remains unaltered. 
Keeping any one weight, observe the time taken to coinj)lete 
twelve swings when the length of the cord is varied. It will 
be seen that the time of swing varies with the length of 
the cord. Notice also that it does not matter if the pendulum 
makes a wide oscillation or a very small one, the time tiiken 
being the same. 

If it were possible for the student to perform the experiment, 
it would be found that the time taken for the pendulum to 
swing backwards and forwards varies as it is taken from the 
equator to the polos, on account of the fact that the earth is not 
exactly spherical in shape. Or, putting the same fact in another 
way, in order that a j)endulum may swing backwards and for- 
wards in the same interval of time, it is necessary to alter the 
length of the cord in our experiment as we travel from the 
equator towards either pole. A pendulum of such a length that 
the distance from the point of suspension to the centre of the 
bob is 39 ’139 inches, swinging at Greenwich, conqdetes one 
swing in a second of time. In a clock we have a mechanical 
contrivance for maintiiining the swinging of a jiendulum. We 
must content ourselves with referring the reader to books on 
astronomy and horology for an account of the construction of a 
clock. In watches the place of tlie pendulum is taken ]jy a care- 
fully suspended balance wheel. 

Definition of Motion. — The word motion is meant to convey 
the idea of change of place. The simplest forms of motion are 
changes in the positions of ])odies with regard to one anotlier. 
When a boy runs down the street he is in motion ; .as regards the 
houses and lamp-posts he moves. To fully describe the boy’s 
motion it would be necessary to know the direction in which he 
is moving or the line .along which he runs, and the rate or 
velocity with which he trcavels. 

Velocity. —Velocity is, then, the rate at which a body moves, 
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or the number of units of length it moves over in a unit of time. 
Velocity may be either uniform or variable. In the case of our 
boy, if (luring every sec<^)n(l through which he moves he travels 
over a line of five yards in length, we should say he had a 
luiiform velocity of five yards a second. But su])pose this boy 
does not move regularly over five yards in every second ; he 
sometimes dawdles, sometimes stops to look at a shop, at other 
times he puts on a spurt to make up for lost time. How should 
we describe his motion now ? His rate varies from time to time, 
or his velocity is variable., and to describe such a variable velocity 
it is usual to speak of the velocity at any instant as being a 
certain number of yards per second. Say the boy of our 
example, moving with a variable velocity, has at a given instant 
a velocity of eight yards per second. We should mean that he 
would, if he continued to move at the same rate as he had at the 
given insLint, travel over eiglit yards in the succeeding second. 

Average Velocity.— But it is sometimes better to find the 
areraye velocity of the moving body. Returning to our boy, 
suppose he travelled 800 yards in 4(K) seconds ; if we divide the 
first number by the second we obtain the boy’s average rate, 
namely, two yards in a second ; this, then, is the rate with 
which he would have had to tnivel, if he moved uniformly, in 
order to coiin»lete his journey in the same time. 

The unit of velocity is Uie velocity of a j)oint which passes 
umt (jf length in a uiut of time ; it is generally taken 
as being a velocity of one foot per second. Thus a veh)city of 
six means a velocity of six feet per second. 

Measurement of Uniform Linear Velocity. — It is a very 
simple matter to calcuhite the velocity of a body moving 
uniformly in a straight line when we know the distance it has 
travelled, measured in units of length, and the time it has taken 
to perform the journey, measured in units of time. Thus if we 
represent the space it has passed over, measured in units of 
length, by the letter .s, and the time taken, measured in units of 
time, by the letter t, all that we have to do in order to find its 
uniform velocity is to divide the number of units of length 
passed over by the number of units of time taken to comjilete 
the distance, or — 

uniform velocity (r) = length ])assed over ^ s 

no. of units of time taken T 



or 
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Example. — A train, travelling at a uniform rate, comj)lete 8 
a distance of 10 miles in 15 minutes ; what is its velocity in 
feet per second ? 

Answer : 10 miles = 10 x 1,700 x 3 feet = 52,800 feet 
15 minutes = 15 x 60 = 900 seconds 



52,800 r . , 

V — - ’ = 585 feet per second, 

900 

or the train travels at a uniform velocity of 685 feet in every 

second. 

Acceleration. — An express train starting from a terminus 
begins to move slowly, and, as the journey proceeds, tlie rate of 
motion goes on increasing until it gets its full speed. A stone 
let fall from a height similarly starts from rest, and as it moves 
it goes faster and faster until brought to a standstill again on 
reaching the ground. Or we might imagine a cyclist starting for 
a run, and regularly increasing his speed until he could not go 
any faster. In all these examples the velocity of the moving 
])ody has regularly increased and the rate at which the change has 
taken place is s[)okcn of as acvelernlypn. 

Acceleration is the Rate of Change of Velocity.— But it 
may be of an exactly o])posite kind to the instances given above. 
Reverse each of the examples and consider what happens. An 
express train going at full sj)eed apjjroaches a station and its 
velocity is regularly diminished until it is brought to rest at the 
platform. A stone is thrown upwards with a certain velocity, it 
moves more slowly and more slowly until it comes to rest, and 
then starts falling. A cyclist travelling at full speed slackens 
his rate regularly until he comes to a standstill. In all these 
cases we have examples of an acceleration of an exactly opposite 
kind to the previous instances, but yet an acceleration. In 
ordinary language this kind of acceleration is given a name of its 
own, retardation. 

Measurement of Uniform Acceleration.— In measuring a 
regular or uniform acceleration, we must know what addition to or 
subtraction from the velocity of the moving body there has been 
during each second of its journey. Suppose there is an fiddition 
of one foot per second to the velocity of a moving body, and 
that it has taken one second to bring about this change, we 
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should refer to this as an acceleration of one foot per second in 
a second, or one foot per second pcmecond. An acceleration which 
increases the velocity is referred to as positive^ while that which 
diminishes it is negative. The first examples given above are 
instfinces of positive acceleration, while when we reverse them 
they afford cases of negative acceleration. 

Unit of Acceleration. — As in every other measurement so, 
when we wish to measure accelerations, we must have a unit in 
terms of which we can express the (quantity under consideration. 
Thejmitnf acceleration jp the incre^e of unit velnnity in a 
unit of tim e ; it is generally taken as equal to an increase of 
velo cdy of om foot per second per secmid. An acceleration of hro 
limts would thus be an increase of velocity of tiat feet per second 
per second, and, similarly, an acceleration of three units e(juals 
an increase of velocity of three feet per second per second, an 
acceleration of a units ecjuals an increase of velocity of a feet 
per second, in one second. 

If we wish to determine the velocity at any instjint of a body 
whicli is moving with a uniformly accelerated velocity we must 
argue as follows : — Let the acceleration be a, which means an 
increase of velocity of a feet per second in one second. Suppose 
a body sbirts from rest, at the end of the first second it has a 
velocity of a feet per second, at the end of the next second 2rr, at 
the end of t seconds at feet per second Or if r = change of velocity 
in t seconds, we can write 

V = at. 


Consequently, to find the velocity at any instant of a uniformly 
accelerated moving body, all we have to do is to multiply the 
number of units of acceleration by the number of units of time 
for which it has been moving. 

Example. — An engine moves from rest with a uniform 
acceleration of 2 feet per second in every second. What is its 
velocity at the end of 5 minutes ? 


5 minutes — 5 x 60 = 300 secs. 

Here a — 2 ; t 300 ; v ~ 

But V —at 

= 2 X 300 = 600 feet per second. 

If the uniform acceleration is applied to a body already 
moving with a uniform velocity, it is not difficult to see that the 
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fonimla or expression we have just given will Ixjcoine iiiotlified. 
Imagine a Innly moving witli a uniform velocify of n units j)er 
second to have this velocity uniformly accelerated. Let the 
acceleration be a units, as in the case of the body moving from 
rest. Tlien, at the end of the first secojid during which the 
acceleration acts its velocity will he n + o, at the end of the 
second second it will hen -f 2(r, at the end of the third u + 3ft, 
and at the end of t seconds u-hia or //-hat, or the formula becomes 
V = u + &t 

Example. — What will be the velocity of the engine in the 
Last example at the end of the sixth minute, if it continues to 
move with the same acceleration ? 

At the end of liftli minute its velocity it = 600 feet per second. 

And r — + al 

= 600 + (2 X 60) 

= 720 feet per second. 

Space traversed by a Body moving under the influence 
of a Constant Acceleration. — The s])ace travelled over by a 
body in one second is equal to its average velocity, and that tra- 
velled over in t seconds is equal to its average velocity multiplied 
by/. If it starts from rest and travels for one second finishing 
with a velocity of v feet ])er second, its average velocity is ir 
during this time, aiitl 

.s =- -hrt 

Substituting value of v from the equation v ~ at, we get 
S - ^at xt = 

or since / = ~ we Ccin write the e<^uation s = thus — 

s = ivx— = ^ , from which 

V* = 2as. 

Expressed in words, the rule for finding the sj)ace travelled in 
a given number of seconds is — multiidy half the acceleration 
(expressed in feet per second per second) by the s(]uare of the 
number of seconds through which the body travels and we 
ascertain the number of feet passed over by the body. 

The last equation of all provides us with a rule for Ccilculating 
the velocity of a body after it has travelled over a certain 
distance under the influence of a uniform acceleration ; it tells 
us that the square of the body’s velocity is equal to twice the 
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product of the acceleration (in feet i)er second per second) under 
which it moves into the distance in feet it has travelled over. 

Easy examples on the aj)plication of these rules will be found 
in the questions at the end of the chapter and in solving them 
the student must carefully hear in mind that all the formuhe 
given in the chapter arc ecpially applicable if the centimetre and 
second, or otlier units, are adopted. 

Chief Points of Ciiaptkr III. 

The Solar Day is the interval of time between the sun’s highest 
position on any one day to its corresponding position on the next 

succeeding day. i- -t n 

The Mean Solar Day is the quotient obtained by dividing the 
length of the year measured by the sun by the number of days 
in the year. Or, it is the average of the lengths of all the solar days 
in the year. 

A Star or Sidereal Day is of constant length. It is the interval of 
time between two succeeding southings of a star at any season of 
th(i year. 

The Period of Rotation of the Earth.- -As the apparent motions of 
the stars across the sky are produced liy tlie lotation of the eartl), 
the exact time of rotation is determined by ascertaining the length 
of the sidereal day. 

Units of Time. — In physical measurements th(‘ unit of time 
iidopted is the mean solar secjond, that is, it is founded on the 
average time required by the earth to make one complete rotation 
on its axis relatively to the sun considered as a fixed point of 
reference;. 

The Velocity of a body is the rate at whidi it niovtjs. Velocity 
may be either vniform or mriahlc. When a body's velocity is 
uniform it moves over the same distance in every s(;cond. Wlien 
the velocity is variable unequal distances are moved over in equal 
times. 

Uniform velocity = trav.aM 

number of units of time taken 

Acceleration is the rate of change of velocity. In measuring 
uniform acceleration we must know what addition to or subtraction 
from the velocity of the moving body there has been during each 
second of its journey. 

V elocity. 


Uniform Variable 

Equal distances travelled | — — 

over in etiual times. Kesular Irregular 

II 

Acceleration, 
or rate of change 
of velocity. 
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The Unit of Acceleration is an increase of unit velocity in a unit 
of time. It IS generally taken as equal to an increase of velocity of 
one foot per second per second. 

The change of velocity v in ^ seconds in a l)ody moving from rest 
with an acceleration of a units is equal to at feet per second. If a 
uniform acceleration is applied to a body already moving with a 
uniform velocity then v=u-{-at. 

Other Important Formulas. — 

8=\at~ 

v"=2as 

Questions on Chapter III. 

1. Give a definition of ifelocity, and state how uniform linear 
velocity is measured. 

2. What is the difference between a solar day and a mean solar 
day ? 

3. Define a sidereal day and explain how it differs from a solar 
day. 

4. What is the common unit of time ? How is it related to the 
period of the earth’s rotation ? 

5. (live a brief description of some mechanism in common use for 
measuring time. 

0. What is tlie difference between vnifortn and mriahle velocities ? 
How are uniform linear velocities measured ? 

7. Explain how the average velocity of a body moving with a 
variable velocity is estimated. 

8. The radius of a circle is half a mile ; a horse runs round the 
circumference at tlie rate of five times an hour ? wliat is liis velocity 
in feet per second ? (The result should be carried to the second 
decimal jilaee. ) 

9. Define acceleration and give an example of a body moving with 
an accelerated velocity. 

10. How is uniform acceleration measured ‘i Explain the differ- 
ence between a positive and negative acceleration, giving an example 
of each. 

11. What is the unit of acceleration? A body moves from rest 
with a uniform acceleration of 15 feet per second per second ; 
what is its velocity after 12 seconds ? 

12. The velocity of a body moving from rest has been uniformly 
accelerated ; if its velocity after 7 seconds be 343 feet per second 
what has been its acceleration ? 

13. A train starting out of a station is made to move with a 
uniform acceleration of 25 kilometres per hour per hour ; what is its 
velocity in kilometres per hour after it has gone a distance of 
8 kilometres ? 

14. How far will a ball go from rest in three seconds if in every 
second it increases its velocity by a velocity of 9 feet per second ? 

15. A train which is uniformly accelerated starts from rest, and 
at the end of 3 seconds has a velocity with which it would travel 
through 1 mile in the next 5 minutes ; find the acceleration. 

16. A body moves from rest with a uniform acceleration of 1(X) 
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inches per second per second ; calculate its velocity after it has 
moved over 20 feet. 

17. Explain the following statements : — A body has a velocity 
whose measure is 30 ; another body an acceleration whose measure 
is 2 ; in each case with foot second units. If allowed to move freely, 
how far would the first body travel in half a minute, and in what 
time would the second body, starting from rest, acquire a velocity 
of 15 miles an hour ? 

18. A particle which started from rest and was uniformly 
accelerated, had a velocity of 20 feet per second when it had 
descrilxid 60 feet in a straight line. What was its acceleration and 
how long had it been in motion ? 

19. Two bodies, whose velocities are accelerated in every second 
by 3 and 5 feet a second respectively, begin to move towards each 
other at the same instant, at first they arc a mile apart ; after how 
many seconds will they meet ? 

20. A man runs uniformly round a circular track at the rate of 12 
miles an hour ; if he pass the same point four times in 5 minutes, 
what is the length of the track ? 

21. Two stations on a railway are 35 miles apart. A train starts 
from the first and travels uniformly at the rate of 40 miles per hour 
towards the second ; another train starts simultaneously from the 
sccoikI station and travels at the rate of 30 miles per hour in the 
opposite direction. At what time after starting w ill they meet and 
at what distance from the two stations respectively ? 

22. A man walking at the rate of 4 miles an hour along a railway 
line meets a train, 88 yards long, travelling at the rate of 26 miles 
an hour. How many seconds elapse while the train is passing 
him ? 

23. A line is drawn upon the floor of a railway carriage from door 
to door. When the carriage is at rest a ball is dropped from the 
roof and falls upon this line. What difference would be 
o))served : — 

(n) If the train is moving when the ball is dropped. 

(/>) If the train starts when the ball is half way down. 

(r) If the ball is dropped when the train is in motion, but the 

train stops suddenly when it is half way down ? 



CHAPTER IV 

MASS AND ITS MEASITIIKMKNT 

The mass of any body is the quantity of matter it con- 
tains. Til our country the stfinclrird or unit of iii;iss is the 
(]u;intity of matter contained in a lump of })latinum of a certain 
size which is hejdat the Exchecpier Chamhers. This aimmiit of 
matter is called the imperial standard pound avoirdupois, 
and we s})eak of tlie mass of any otlier hody as heiny a certain 
numher of times more or less than tlie standard i)ound, that is, 
containing so many more times as much (or as little) matter as 
that contained in the imjierial stiindard pound. Cnfortunately, 
this is not a universal standard ; in France they have a standard 
of their own. It is kept at l^aris, and is called a kilogram, and 
the system of masses founded upon it is used in all scieiititic 
work throughout the world. 

Units of Mass in the British System.— As the reader knows 
very well, the unit of mass, the pound avoirdujiois, to which 
attention has just been called, is not the only sbindard used in 
this country in speaking of the mass of a given body ; multiples 
and submultiples of it, as shown in the following familiar table, 
are also ado}>ted. A comparison of this with the corrcs]>onding 
beautifully simple table of the metric system will do more than 
any words to show how cumbersome and inconvenient the 
British system is : — 

If) drams make 1 ounce (1 oz.). 

16 ounces ,, 1 pound (1 lb.). 

14 pounds ,, 1 stone (1 st.). 

2 stones or 28 pounds ,, 1 quarter (1 qr.). 

4 (juarters or 8 stones ,, 1 hundredweight (1 cwt.). 

20 hundredweights ... ,, 1 ton. 
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But this ungainly system of units does not exhaust the difticul- 
ties of the British system of estimating masses, for if the mass 
of a body composed of one of the j)recious metals, [)latinum, gold, 
or silver, or of some precious stone, is to be exju’essed, another 
system, known as “Troy Weight,” is used. Moreover, the 
ounce in the last-named system is differently sub-divided again 
if the masses of drugs arc being dealt with. 

Units of Mass in the Metric System. — In the metric 
system a name is given to the mass of pure water 'irhich vnll 
exact! 1 / fUl a cnhic ceuiimetre. at a temperature of 4r C. It is 
called a gram. The same prefixes are used to express fractions 
and multiples of a gram as have been used in the case of the 
metre and litre. The kilogram is one thousand times greater than 
one gram, and is the unit in use for ordinary purposes. Other 
multiples are in common use, as the following talile shows ; — 


10 milligrams 
10 centigrams 
10 decigrams 
10 grams 
10 dekagrams 
10 hectograms 
10 kilograms 
10 myriagrams 
10 (juintals 

Relation between British 


= 1 centigram. 

= 1 decigram. 

- 1 gram. 

= 1 dekagram. 

= 1 hectogram. 

= 1 kilogram. 

-= 1 myriagram. 

1 quintal. 

= 1 millier. 

and Metric Units of Mass 


Metric to British. 

1 decigram = 1 ’54.32 grains. 

1 gram - 15 ’432.3 grains. 

1 dekagram = ’3215 07.. Tr. 

1 hectogram ^ 3’.5274o/.s. Av. 

1 kilogram, — 2 ’2040 lbs. A v. 

British to Metric. 

1 grain -- ’648 decigram. 

, 1 oz. Tr. =- .3’! 103 dekagrams. 

1 oz. Av. = 2 ’835 dekagrams. 

1 lb. Av. ^ ’4563 kilogram. 

Gravitation. — It is a matter of everyday observation that 
masses free to move gravitate, as we stiy, towards the earth ; or 



Returning to the case of the falling body, think of a cricket 
ball on the top of a house. The earth attracts the ball, and, 
by Newton’s law, the ball attracts the earth. The ball, if free 
to move, falls to the earth ; to be correct, however, we must 
tliink of the ball and the earth moving to meet one another 
ahiiig the line joining their centres. But the ball moves as 
much farther than the earth as the earth’s mass is greater than 
the ball’s ; and for practical purposes this is the same as saying 
that only the ball moves and that the earth remains still. 
Were our methods of measurement sufficiently refined we 
should, of course, be able to measure the small amount of the 
earth’s movement. 

This force of attraction between all material b6dies is called 
the force of gravity, and we must point out that this is 
only a name. Calling this force “gravity,” and the rule accord- 
ing to which it acts the “law of gravity,” does not teach us 
anything about the nature of the force itself. There is, however, 
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no doubt about the reality of the attraction which bodies exert 
upon one another. So long ago as 1798 Cavendish measured the 
force of attraction between two lead balls, and his experiments 
have been repeated by a number of other investigators. 

The weight of a body is the force with which it tends to 
, move towards the earth. We see at once the difference there 
is between mass and weight. One is matter, the other is a 
force. When we sj)eak of a mass of one pound we have seen 
that it means nothing more ihnn the amount of matter in a 
certain lump of iron or other umterial ; hut when we speak of the 
weight of one pound we mean the force with which 
the mass of a pound tends to move towards the eartJi. 

The student will do well to clearly understand this 
distinction before proceeding. 

Ex]»t. 46. — Procure a spring balance (Fig. 20) 
and attach it to a rigid support. Notice that t<» 
l)ring the index down you must exert a pull on the 
l)ottom hook. Tlie greater the j)ull the farther 
down the scale does the index move. 

Expt. 47. — Attach any convenient mass to the 
hook of the balance, and notice that the index 
moves a certain disbince down the scale as in the 
last experiment. The pull in this case measures 
the earth’s attraction for, f>r the icei<fht of, the 
mass at the jdace of observation. 

Expt. 48. — Repeat the last experiment, using 
different masses, and notice that the weight of the -9 
masses, as measured by the pull on the s])ring, iiuiance. 
varies in the different cases. Whenever the pull 
on the spring is the same, wc know the masses are ecjual, and 
conseipiently the equality of masses can be tested by the 
e(piality of their weights. 

The Weight of a given Mass varies from place to place.— 

Bearing the definition of weight in mind, it will be clear fri)m 
S^ewton’s law of gravitjition that since a mass is farther away 
rom the earth (which acts exactly as if its whole mass were 
jollected at its centre) when it is up in a balloon than when at 
be sea-level, the weight of this mass ought to be more at the 
Jea-level, for it is there nearer the centre than when in the 
balloon. This is found to be the case, but to actually demon- 
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strate the difference in weight we must measure the weight by a 
spring balance as in the last experiments. 

Similarly, because the earth is not a perfect sphere, but is 
flattened at tJie poles, points at the surface of the earth in the 
j og/on of the tropics arc at a greater dist/uice from the centre 
than ]>oints in the neighbourhood of the poles. This^ combined 
with the fact that, in conse(]uence of the earth’s rotation, the 
tendency of a body to fly off at the equator is greater than in 
higher latitudes, causes a mass to have a greater weight near 
the poles than in the tiopics. In fact, a body weighing 191 
ounces when near the equator will weigh 192 ounces if moved 
near to the poles. 

Exi*t. 49. Hang a piece of iron from a spring balance and 
notice the weight indicated. The iron has a certain mass, or 
consists of a certain (piantity of matter. Bring a strong 
magnet under the iron, and again notice the indication of the 
pointer of the balance. Evidently the tpiantity of matter, or 
mass, of the iron has not changed during tlie ex])eriment, l>ut 
the attraction of the magnet causes the a})})arent weight to 
increase. 

Masses are determined by means of the Balance. —Though 
the reader may have seen the spring balance in use among 
hawkers in the country, it is not a very common ])ractice to use it 
for estimating masses. The instrument generally in use for this 
purpose is the balance or pair of scales. This simple apparatus 
is best understo(jd with the help of a few simjde exj)eriment8 : — 

Kxpt. 50.— Balance a light stiff lath upon an edge of a 
triangular block, or better, make a hole through a point above 
its centre so that the lath will tuni easily ujxui a stout 
nail fixed in a wall or blackboard. Hjing a mass by means of 
a piece of thread uj)on the lath at any convenient distance on 
one side of the ])ivot or fulcrum, and balance it with a mass of 
the same amount on the other side. The distanc-e of the. masses 
from the fulcram will hefoinid the same in each case. 

Expt. 61. — Using the same lath supported on the nail at its 
middle point, hang over it, at e(j[ual distances from the support, 
two pans (which you can make out of pill boxes and cotton), 
one on each side of the support. Put a mass of 20 grams in 
one pan and ascertain how many must be put into tlie other in 
order that the lath may remain horizontal, or as we say, be 
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in equilibrinm. It is found that when the pans are at eqnal 
distances from the support there is equilibrium when the masses 
are equal, 

Exrx. 52. — Rejieat the last experiment, but while keeping 
the i)an with the 20 grams in it in the same j)osition, shift the 
other }>an and find how many grams must be put into it to 
bring about equilibrium. Do this with the movable pan in a 
variety of positions and show that when the lath is balanced, 

Mass on Distance ^ Mass on ^ Distance 
one side ^ from fulcrum other side from fulcrum. 

Moments. — Anotlicr way of expressing the condition of things 
when there is e(juilil)rium in Kx}>t. 52 is to say that the t}(r)iin(j 
effects of the forces, (dtout th^* ])oint of sospenston, acliuq on the 
loth at the jtoints irhere the pans are supported, are equal. The 
turning etiect of a force is termed the moment of the force. 

Referring to the condition of things in our experiment we can 
re))resent it very sim])ly by a diagram (Fig. 21), where F is the 



Fio. 21.— To Illnstmtc Moments of Forces. 


point of support of the lath, and M, is a larger mass at a 
distance AF in eipulibrium Avith a smaller mass Mo, at a greater 
distance FB. 

The force at A is, as we know, the weight of the mass M, act- 
ing vertically downwards ; and the force at B is that of the weight 
of the mass My acting in the same direction. The moment of 
the force acting vertically downwards at A is a product like that 
obtiined in Expt. 52, viz. the ju’oduct of the force etjual to tlie 
weight of Mj and the distfince AF, which as the diagram shows 
is measured at right angles to the direction in which the force acts. 
Similarly the moment of the force equal to the weight of the 
mass My, about the p(nnt F, is equal to the product of this force 
and the vertical disbrnce BF. 

This is a rule of universal apjdication for biking moments 
which will have to be used several times later on, and must be 
very carefully learnt : — 

The moment of a force about any point is the product 
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obtained by multiplying this force by the perpendicular dis- 
tance between the point and the line of action of the force. 

But it must always be remembered that the force and the j)er- 
pendicular distance between its line of action and the jK>int about 
which moments are taken must be expressed in suitable units. 

The Balance.— The balance is really anotluir form of the 
sup})orted lath in Expt. 5(). All the parts are very care- 
fully made, and every means is taken to have very delicate 
su})i)orts and accurate adjustments. Fig. 22 shows a simple 
form of balance which is very suitable for easy exiieriments, 
such as are described hi this book, which can all be accurately 
(lone by its means. Instead of the wooden lath in the exjjcri- 



Fio. 22.— Tlie Students Biiluiice. 


inent we have a l^rass beam supjiorted at its middle line by a 
knife-edge of hard steel, which, when the balance is in use, 
rests on a true surface of similar steel, l^he hooks to which the 
pans are attached are similarly jirovided with a V”shaped de- 
pression of hard steel, which also, when the balance is in use 
rests upon knife-edges on the upper j)art8 of the beam. To the 
middle of the beam is attached a pointer, whose end moves over 
an ivory scale fixed at the bottom of the upright which carries 
the beam. When not in use the beam and hooks are lifted off 
the knife-edges by moving the handle C. 

Fig. 23 shows a very delicate form of balance used by chemists. 
The principle of its action is precisely the same as in simpler 
kinds, but, to ensure greater accuracy, the knife-edges and the 
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supports oil which they rest are made of a-fjatc, a very hard 
mineral, instcfwi of being constructed of steel. 

Exi*t. 53. — Uncover the balance and identify the difterent 
parts by reference to Fig. 22. Raise the beam, AB, of the 
balance, oft* the sui)ports by turning the handle C. Notice 
whether the pointer F swings ecjually on both sides of the 
middle of the scale G : if it does the balance is ready U>r use ; 
but if not, let down the beam and turn the mall screw 



Fid. *23. — A (Jlicinical Balaucu. 


at B, then try again. Repeat this adjustment until the 
swings to right and left are ecjual. 

Expt. 54. Put some shot in a watch-glass, and place it 
in the left-Juiiid pan, E, of the balance. Examine your box 
of weights, and, selecting a weight which you estimate to 
be about the same as the shot, take hold of it irith ihc forceps 
and ])lace it in the VHjht-hand jtan (the weights should always 
be ]>laced in this jiaii). Now slightly raise the beam to see 
whether the estimated weight is nearly eijual to the weight of 
the shot. If the weight appears a little below what is wanted, 
pick up, with the forceps, the next heaviest weight in the 

E 2 
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box, and try it in the pan with the other. If the two together 
are too heavy, take out the smaller weight and put in the one 
below it, and so on, adding one weight after the other, witJund 
any, until you find the correct weight. When you 
have completed the weighing, write down and add up the 
weights that are missing from their places, and check the 
figures as you put each weight back in its place. 

Exi’T. 55. — To become familiar with the process of weighing, 
find the mass of half-a-crown, a shilling, and other suitable 
bodies. 

Exi*t. 50. — Find the mass in grams, &c., (►f an ounce weight. 

The Weight of a Body is not determined by an ordinary 
Balance. — The spring balance, and not a pair of scales, must be 
used t/O determine the weight of a mass at any place, because by 
means of the latter apparatus all we do is to make a comparison 
between the weight of an unknown and that of a known mass. 
Though the ire/iyM of the known mass (say the 50 gram weight 
out of the box) varies from place to place, its mass remains con- 
stant, and what we determine when we efiect a weighing with 
the balance is the m((SH of the body experimented upon. If we 
could attach the 50 gram weight to a very sensitive spring 
balance and carry it from the e(juator to the pole, we should 
find, as we have already seen, that its weight as recorded by the 
sjjring balance would vary continuously. Hence we estimate the 
ecjuality of masses by the equality of their weights ; the weight 
of the b(xly whose mass is to be determined must, when the 
balance is in e(piilibrium, be equal to that of the known mass, 
and conseijuently we can argue that their masses are e(jual. By 
the balance we measure the mass of a body, whereas a spring 
balance enables us to determine its weight at a given place. 

When a Balance is in equilibrium the moments, aliout the 
point of susj)ension, of the forces equal to the weight of the masses 
are e(|ual. When the balance is true the arms are of ec^ual 
lengths, and consequently the weights are eciual also. 

Chief Points of Ciiaptek IV. 

The Mass of any body is the (quantity of matter it contains. 

The Imperial Standard Pound Avoirdupois is the amount of matter 
contained in a lumiJ of platinum of a certain size which is kept at 
the Exchequer Chambers. 

The metric standard of mass is the Oram ; but in everyday use 
the kilogram, which is equal to a thousand grams, is employed. 
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A Gram ia the mass of pure water whicli will exactlj" fill a cubit; 
entinietre at a temperature of 4° C. 

The same' prefixes are usetl to (lesignatc the multiples and sub- 
iiultiples of the gram as are used in the case of the metre. 

Law of Gravitation. — Every body in nature attracts every other 
:()dy with a force directly prox)ortional to the product of their 
tiasses and inversely proportional to the square of the distance 
etween them ; and the direction of the force is in the line joining 
he centres of the bodies. 

The Weight of a body is the force with which it tends to move 
o wards the earth. 

The Weight of a given mass varies from place to place. — Its weight 
,t the sea-level is more than on the top of a mountain. Its weight 
s also greater when it is in the neighbourhood of the poles than 
fc'hen at the equator. 

Masses are determined by means of the Balance. — It is found that 
^dlcn the pans of the balance are at equal distances from the sup- 
ports, there is equilibrium when the masses are eciual. 

The Moment of a Force about any point is the product obtained by 
lultiplying this force by the perpendicular distance between the 
»oint and the line of action of the force. 

When a Balance is in equilibrium the moments, about the point of 
usf)en8ion, of the forces equal to the weights of the masses ai’c ecjual. 
Vheii the balance is true the arms are of equal lengths and cou- 
equently the weights are equal also. 

Qukstions on (hrAPTER IV. 

1. Define the mass and weiyhf of a material body, carefully dis- 
inguishing between the terms. 

2. (live the British and metric measures of mass. 

3. State Newton’s law of gravitation, explaining clearly 1 Ih‘ i*ule 
f inverse squares. 

4. What is a spring balance and what can be measure«l with it ? 

5. Explain fully what different readings, if any, are given by a 
pring balance under the hdlouing circumstances and account for 
lein as far as you can. 

(a) When a sjpring balance carrying a given mass is taken 
from the equator to the north pole. 

{h) When the same balance is carried down a det‘p mine. 

(r) When the balance is taken to the summit of a high 
mountain. 

G. Describe an instrument for determining the mass of a mat(*rial 
)dy and explain how it is used. 

7. What do you understand by the moment of a force l^xplain 
jur definition by an example. 

8. What is the condition of things, from the point of view of 
oments, when a balance with both pans loaded is in equilibrium. 

9. What particulars about a given mass could you determine (a) 
^ using a spring balance, (h) by means of a pair of scales ? 

10. Multiply 10*4 square centimetres by 15 5 decimetres, and 
ate the result both in oubic centimetres and in litres. 
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If the voliiiue in (jiipation wero filled witli water at 4” C. , what 
would the weight of the water be ? 

11. A body, of which the volume ia 1*5 litrea, has a mass of 25 
kilograms. What is the mass in grams of 1 cubic centimetre of the 
body. 

What is the volume at 4 ^ C. of 1,712 grams of water? 



CHAPTER V 


MATTER IN RELATION TO MOTION 

Equality of Masses. — We have hitherto considered motion 
and mass separately, but in this cha])ter their relations to one 
another will be described. It has been shown that equality of 
mass can be tested by weighing. The balance thus furnishes us 
with a convenient practical method of comparing masses, but it 
does not give a fundameiibil conception of whfit mass means. 
To obtiiin a clear idea of the subject, consider first of all that 
we are dealing with two variable (quantities, namely, mass, or 
(quantity of matter, and motion. Suq)q)ose two bodies moving in 
opq)osite directions with ecqual velocities to collide with one another 
and stick together. If the two bodies stopped dead after the 
impact we could conclude that their masses were equal, and that 
each exactly destroyed the motion of the other ; but if the com- 
bined l)odies moved after the collision, the masses could evidently 
not have been equal. With this in mind, it will readily be con- 
ceded that the following definition of equality of mass holds 
good : — 

Two masses are equal, if when they are made to impinge on 
one another in opq)osite directions with equal speeds and stick 
together, they come to rest.^ 

The effect of the imq)act of two moving bodies thus depends 
uqion the masses of the bodies and the velocities before the 
collision. If both the velocities and masses are ecqual, the bodies 
come to rest ; if the velocities are equal, but the masses are un- 
ecqual, the greater mass predominates after collision, and if tlie 
masses are equal while the velocities are unequal the greater 
velocity will predominate. 

1 Tliift definition and one or two others in this chapter Jire given 1t)y Prof. W. M. 
iiicks in his inspiring work on Elementaiy Dynamic» of Particle* and Solid*. 
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Momentum.-— The preceding iiaragraph has introduced the 
student to the idea of a condition involving both motion and 
mass. This condition is known as momentum, and is defined as 
follows : — 

The momentum of a body is the quantity of motion it has, 
and is equal to the product of its mass and its velocity. 

Ex])ressed as an eciuation we have 

Momentum = mass x velocity, 

or if momentum is represented by Af, mass by m, and velocity 
by r, all expressed in corresponding units, we can write 


M = mv. 


The unit of momentum is conse<piently that of a unit of mass 
moving with a unit of velocity, or if the unit mass be that of the 
imperial standard pound, the unit of momentum is the 
quantity of motion in a mass of one pound moving with a 
velocity of one foot per second. The meaning of momentum 
will be better gras})ed after a concrete exam] fie. 

Suppose a shot fired from a cannon, the momentum generated 
in both the cannon and the shot will be tlui same ; but since the 
mass of the cannon is immensely greater than thfit of the shot, it 
will be evident that the velocity of the shot must be corre- 
sjKuidingly greater than that (»f the cannon in order that the 
product of the two (juantities may be the same. This we kn(>w 
is the case, the velocity of the “kick” or “recoil” of the cannon 
is very much less than the velocity with which the sliot is sent on 
its journey. 

The motions f)f the shot and of the cannon are in o])]K>site 
directions, and it is usual to distinguish the two directions by 
the signs + and - . If the mass (fi the cannon is reju'esented 
by Af, and the mass of the sh(»t by m, while the velocities of the 
two are r and V resj)cctively, then the momentum after the 
explosion is expressed by the e(piation 


Afr= ~mV. 


Example. — A cannon weighing 10 tons fires a shot weighing 
28 lbs. The shot leaves the gun with a velocity of 200 feet 
per second. With what velocity would the cannon recoil if it 
were free to move ? 
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Mass of cannon = 10 tons = 22,400 lbs. 

Velocity of recoil = r = ? 

Mass of shot = 28 lbs. 

Velocity of shot = 200 feet per second. 

We know that 

Momentum of cannon = momentum of shot. 

Or, 22,400 x = 28 x 200 
Therefore v — 5,600 -r- 22,400 

= \ foot per second. 

The Conservation of Momentum. — It is convenient in many 
problems to consider momentum from another point of view, 
namely, that of the conservation of momentum, by which is 
meant that though momentum can be transferred from one 
body to another, none of it is lost by the transference. For 
instance, if a number of inelastic bodies collide with one another, 
and then move on together, the total momentum of the moving 
mass is eciual to the sum t»f the momenta of the separate 
bodies. In other w(jrds, the total momentum of several moving 
masses remains unaltered by impact. Ex])ressed as an e(|uation, 
in which m and m' are different masses moving with velocities 
V and v', while the velocity after impact is V, we have 

(m + m) V = mv + m'v'. 

The use of this equation will be best illustrated by a few 
arithmetical examples. 

Example. — Two inelastic balls, having masses of 4 lbs. and 

7 lbs., and moving in opposite directions with velocities of 

8 and 10 feet per second respectively, collide with one another. 

What is the velocity of the joint mass after impact 

As the velocities are in opposite directions, one of them must 
be distinguished by the sign - . The equation thus becomes 

(m + m') F = mv — m'v 
(4 + 7) F = (4 X 8) - (7 X 10) 

11 F = 32 - 70 
= -38 

Therefore F = -38-5-11 

= - 3^^ feet per second 
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The mass will therefore move with a velocity of feet per 
second in the direction in which the 7 lbs. was moving. 

Example. — Two masses of 0 and 10 lbs., moving with velo- 
cities of 4 and 5 feet per second respectively, collide with one 
another. Find the final velocity, (a) if the bodies are moving 
in the same direction ; (h) if they mf)ve in opposite directions. 

The siiiiie equation is used as before, the only difference being 
that in the first case the velocities arc both taken as + , whereas 
in the second case one is taken as - . We therefore proceed as 
follows 

Case 

(fJ + 10) F - (f) X 4) (10 X 5) 

!(> F = 24 + 50 - 74 
Hence F - 74-^10 

— 4^ feet per second. 

(hse {h)- 

(0 + 10) F - (6 X 4) - (10 X 5) 

1(» F - 2G 
Hence V — - 20-^ 1C 

= - If feet per second. 

In this case the direction of motion is that of the mass of 
10 lbs. 

Example. — A bullet weighing 2 oz., and moving with a 
velocity of 1,200 feet per second, is fired into a block of wood 
weighing 2 cwt., and carries the wood onwards with it. With 
what velocify does the wood move ? 

2 cwt. =3584 oz. 

Momentum after event = momentum before event 
(2-f 3,584) F - (2xl,200) + (3,584x0) 

3,58C F - 2,4(K)-fO 
Therefore V - 2,400—3,586 

- 0*()7 feet per second. 

Force. — Suppose a body to possess a ceitain momentum, then 
for the momentum to change or tend to change, something must 
act upon the body, and that something is termed forir. In 
the words of Professor Hicks : When a gradual change of 
momentum is either produced or tends to be produced in a 
body, that body is acted on by force. 

It must be clearly understood that by thus defining force we 
do not get to know anything more about it. Nobody can tell 
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what force is. All we can know are the effects produced by 
a something we call force. 

Unit of Force. — A change of momentum is produced by force ; 
the rate .at which the momentum ch.anges may therefore Ijc 
used as a me,asurc of force. The unit of force cjin be defined 
in several ways. 

A mvH of forcp actinff for 1}ie miit of lime in ahU to proclorr a 
in lit ofvdorUif in a unit, of mans. 

Or, a unit (f force prodm'cs a unit of acceleration in a unit (f 
7nass. But since the product of a mass and its velocity is 
spoken of .as the momentum of the body, we can measure force 
])y the momentum it generates, the unit force ffivimj rise to 1h> 
unit of momentnin in the unit of time. Et^ual forces are, 
therefore, those which produce equal momenta in equal 
times. 

The momentum generated by a force of two units is twice as 
gre.at .as that produced by one unit ; .and, further, a force of one 
unit .acting for two seconds will produce twice the momentum 
which it would d<.) if it only .acted for one second. This is why 
it is nccess.ary in defining the unit of force to introduce the 
words “.acting for the unit of time.” 

Acceleration produced by a Force.-- The momentum of .any 
particular body is determined by the Ixxly’s mass .and velocity. 
As the mass of the body may be regarded as constant, change of 
momentum c.an only be jiroduced by ch.anging the velocity. But 
rate of ch.ange of velocity is .acceleration, hence wdien the 
.acceleration of a body is .altered, the momentum is .altered, and 
.an .alteration of momentum signifies, as has been expl.ained, that 
tile body is being acted upon by a force. If the acceleration is 
uniform, the body must be acted upon by a uniform force. 

Hence we come to the very inniorbant f.act th.at the number 
of units of force in any force is equal to the product of the 
number of units of mass in any body on which it may 
act and the number of units of acceleration produced in 
that mass by the force in question. 

The relation between force, mass, .and .acceleration m.ay be 
exi)r(‘sscd .algebraically as follows : — Let F represents the 
number of units of force in a given force, m the number of 
units of mass on which it acts ]>roducing o units of acceleration, 
then our delinition can l)t‘ written. 


F = m X a. 
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from which equation the third quantity can be obtained when- 
ever we know the other two : — 


Numl)er of 
units <»f force 
F 

. *. (t 

m 


Number of ^ Num]»er of units 
units of mass of acceleration. 


= nut 
F 
m 
F 
a 


( 1 ) 

( 2 ) 

.( 3 ) 


The second equation can be expressed in words by saying that 
the number of units of acceleration produced in the velocity of a 
moving body is equal to the number of units of force acting upon 
it, divided by the number of units of mass on which it acts. 

Similarly, the third expression means that the number of 
units of mass in a moving body can be calculated by dividing the 
number of units of force acting upon it by the number of units 
of acceleration produced in it. 

The second ecjuation tells us, moreover, that if the acceleration 
produced in a moving body remains the same, or is uniform, that 
the value of the force, or the number of units of force it contains, 
must be the same throughout, or what is the same thing, the 
force is uniform. 

The most imporLint facts with reference to motion and force 
have been described in the foregoing parts of this chapter from 
the point of view of momentum. At this point the first law of 
motion may be usefully introduced. 

Newton’s First Law of Motion.— Every body will continue 
in its state of rest or of uniform motion in a straight line, 
except in so far as it is compelled by impressed force to 
change that state. 

This sLitement is cjilled a Imv of motion, and it will be well to 
make clear at once that a natural law is only an expression of 
what has been found to always be the rule ; it is merely setting 
down the result of experience ; and the idea of the word in its 
legal sense must be carefully excluded from the mind. Indeed, 
in nearly every case, it is better to substitute, at all events in one’s 
mind, the word ride. It is only a statement that certain things 
always seem to take place ; it tells us nothing about why they do 
so ; nor is the idea of compulsion included at all, for oftentimes 
so-called “laws” have been formulated which have turned out 
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to be wrong expressions of the order of nature, and evidently 
there could be no sort of compulsion about what was wrong, and 
was seen afterwards to be contrary to the general rule. 

This law, which Newton first stated as being always followed 
by bodies in nature, means, first, that if a body is at rest, it will 
remain still until there is some reason for its moving —until some 
outside influence, which is called a force^ acts upon it. In fact the 
law really supplies us with a definition of force. Nobody finds 
any difticulty in understanding the rule so far. But when we 
come to consider the second part of the law there is more 
difficulty in gmsping it — every body will continue in a sbite 
of uniform motion in a straight line, etc. An example is afforded 
by a ball in moving uniformly along ice. We know that after 
a time the ball comes to rest and therefore that it does not 
continue in a state of uniform motion. But we know that it 
moves for a longer time on ice than it would do on a road. The 
ice is smoother than the road, and there seems to be a connec- 
tion between the roughness or smoothness and the length of 
time during which the ball moves. If we imagine smoother and 
smoother ice, the ball will move for a longer and longer time, 
and we conclude that if both the ball and the ice were perfectly 
smooth, there is no reason why the ball should ever stop. The 
roughness or friction is then, in our example, the “impressed 
force” which causes the ball to change its sbiteof uniform moti^m 
for one of rest. If we could have a body in a state of uniform 
motion outside the influence of what Newton has called “ iin- 
])ressed forces” it would afford us an example of perpeiiud 
motdoii. But because we camiot eliminate these im])ressed forces 
we cannot have perpetual motion. 

The first law of motion implies the existence of force, which 
may consecpiently be defined as that which jn’oduces, or tends to 
produce, motion in matter ; or alters, or tends to alter, the existing 
motion of matter. 

The inability shown by a material body of itself to 
change its condition of rest or of uniform motion is called 
its inertia. Inertia may also be defined as the ca])acity of 
a body to possess momentum. We become aware of the inertia 
of matter most unpleasantly if we step out of a moving train on 
to the platform ; while in the train we partook of its motion, on 
stejjping out our feet are brought to rest suddenly, but our 
bodies, because of their inertia, continue to move with the 
velocity of the train, with the result that wo fall forwards on to 
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our faces. The difticulty of moving a heavy hody, or giving it 
momentum, is also a familiar example of the same property. 

The Attraction of Gravity at any place is an Example of 
a Uniform Force. — The general laws which have just been con- 
sidered are well illustrated by the attraction of the earth upon a 
mass at its surface. We have learnt to call this force of attrac- 
tion by tlie name of the body’s weight. Let a body containing 
m units of mass be attracted to the earth with W units of force, 
or, as we may just as correctly say, let the weight of m units of 
mass be W units and Ciill the acceleration which would be prtf- 
duced in it in the unit of time, if the mass moved towards tlie 
earth, (j units ; then by the equations given on p. 00 we can write 


W m g 

and m — - - 
if 

wliich tells us that the weight of a body is equal to the 
number of units of mass it contains multiplied by the 
number of units of acceleration produced by gravity in 
one second in a body moving freely towards the earth. 
Value of “g.”- It has already been seen that a body moving 
from rest with an acceleration of a units per second per second 
travels over a distance h represented by the e([uation : « = i 
Hence, in the case of a body moving towards the earth under the 
intiuence of the force due to gravity, which causes a regular 
acceleration of (j units, the distance travelled over depends 
U])on the value of “f/.'’ But the distance moved over by 
such a body moving from rest towards the earth in one second 
can be measured. It has been found to be 16 feet. All that 
has to be done, therefore, is to substitute this value in the 
eciuation above, after changing the general symbol for accelera- 
tion, u, into the particular acceleration, f/, a])plicable to this case. 
We thus have to substitute 16 for .s and 1 for t in the e(iuation 

= h which gives 

16 = ^ X r/ X 1 from which 
r/ = 32 or 

the acceleration due to gravity is equal to a velocity of 32 
feet per second in every second. 

Motion of Bodies falling from Rest. - The consideration of 
all questions concerning bodies falling from rest towards the 
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earth is consequently only a particular case of the general rule 
which has already been learnt by the student. We have a con- 
stant force, that, viz., equal to the attractive force of the earth, 
causing a constant acceleration of 32 feet j)er second in every 
second, which is, as we have seen, the value of the acceleration 
due to gravity, g. All we have to do, therefore, is to substitute 
g for a in each of the equations on p. 40, and we get : — 


V - gt (1) 

S - igt2 (2) 

v-= 2gs (3) 


Velocity of a body falling from rest after ** t ” seconds. - 

The first of the above equations provides us with an ex])ression 
})y means of which, knowing the number of seconds, for 
which a body has been moving freely towards the earth under 
the consbint acceleration {g) due to the force of gravity, we can 
calculate the velocity with which it is moving at a given moment. 

Example. — With what velocity is a body moving which 
starting from rest has travelled for 10 seconds ? 

Here we have to find v, knowing the value of both g and /. 


v — gt 

=32 X 10 = 320 feet per second. 

Distance travelled by a Body falling from Best in '‘t'* 
Seconds. — The second eijuation at once enables us to determine 
the distance through which a body, falling freely towards the 
earth, has moved after it has been travelling for a knowui nuniber 
of seconds. . 

Example. —Through how many feet does such a body fall 
in 30 seconds ? 

Here ^ gt'^ 

= I x 32 X (30)2 
= I X 32 X 900 
= i4,400 feet. 

Velocity of a Body falling from Best after moving through 
S Feet. Equation (3) shows how the velocity of a beniy, which 
starts falling from rest, can be determined when the number of 
feet through which it has fallen is known : — 
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Example. — Wliat is the velocity of a stone which has fallen 
from rest for a distance of 100 feet ? 

Here = 2(fs 

= 2 X 32 X KJO 
= 6400 

r = 80 feet per second. 

Parallelogram of Forces. —A body can only move in one 
direction at any given moment ; but yet it can be under tlie 
influence of, or be acted upon by, any number of forces. The 

(juestioii arises — How 
can tlic direction be 
determined in which 
a body, under the in- 
fluence of several 
forces at the same 
moment, will move, if 
free to move t 

(^)r, the (juestion may 
be regarded in another 
way. How can we 
substitute a single 
force (called the Re- 
sultant) which will 
])roduce the same 
eflect, for all the se])a- 
rate forces acting to- 
gether n])on a body at 
the same moment ? 

A few^ experiments will make the (juestion and its answer 
quite ch;ar as far as sulMituting a single force for two sejiarate 
forces is concerned. 
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24.— Experiiaoiit to illustrate thu Purullulo- 
gTJiiii «»f Eorees. 


Expt. 57. — Round two pulleys G and K, or very smooth pegs 
(Fig. 24), j)ass a fine thread t<» which two unecjual masses 
are attached. To some convenient place on the thread tie a 
third mass as shown. Let the masses come to rest. It will 
be found that a jiarallelogram may be constructed, the sides 
and diagonal of which are nearly proportional to the weights 
used. They would be just j)r(>portional if the [pulleys were 
(|uite smof)th. 

Expt. 58. - Attach a scale of inches to the edge of a black- 
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board. 0})tain two pieces of thin india-rubber cord twenty 
inches long, and fasten small loops of string to the two ends. 
Pin one of these loops to the board so that the upper end of 
the india-rubber cord coincides with the zero of the scale. 
Attach the upper end of the other india-rubber cord to any 
convenient point on the board. Bring the two lower ends 
together and hook on to them a weight (say of 100 grams). 
Measure oft’ twenty inches from the upper end of each cord. 
The excess of length in each cord will be proportional to the 
tension of that cord. Complete the i)arallelogiam with chalk, 
and show that the diagonal is vertical and is eciual to the 
extension of the cord when it hangs vertically by the side of 
the scale with the weight attached. 

These experiments lead to the rule which is always known as 
the pamllehxjram of forces. It is usually stated thus : — If two 

forces acting at a point be represented in magnitude and 
direction by the adjacent sides of a parallelogram, the re- 
sultant of these two forces will be represented in magnitude 
and direction by that diagonal of the parallelogram which 
passes through this point. 

A lino may bo drawn to graphically represent a force, its 
length being made ])roportional to the force, and its direction 
showing the direction of the force. 

Forces can thus be represented, lK)th 
in magnitude and direction, by lines. 

Let O represent a material body acted 
upon by tw'o forces, represented both 
in amount and direction by the lines 
OB, OA. To find the resultant of 
these two forces as the single force 
which can replace them is called, both 
as regards its amount and direction, we com]jlete the parallelo- 
gram OBRA and join OR, which will be the resultiint required. 

Calculation of Resultant. — When the tw o forces whose re- 
sultant is re(|uired act at right angles to one another, the calcu- 
lation is a simple application of a proposition in the first book of 
Euclid (I. 47). Under these circumstances the triangle ORA 
is riglit- angled, and Euclid proves that (OA)‘^ -f (AR)- — (OR)-, and 
consequently (OA)2-f-(OB)'‘^=(OR)2, from which when OA and 
OB are known wo can calculate OR. 

When the directions of the two forces OB and OA are inclined 
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to each other at an angle which is not a right angle, the calcula- 
tion involves an elementary knowledge of trigonometry. This 
can be obviated, however, by the simple expedient of what is 
called the graphical method. This consists in drawing two lines 
inclined at the angle at which the directions of the forces are 
inclined, and making them of such length that they contain as 
many units of length as the force does units of force. The 
parallelogram is then conijdeted by drawing AR and BA ])arallel 
res])ectively to OB and OA and joining the diagonal OR, whose 
direction w'ill be that of the resultant, and whose, length will 
be as many units as there are units of force in the resulUint 
force. 

Resolution of Forces. —A single force can be replaced by 
other forces which will together produce the same efiect. Such 
a substitution is called rcHolvimj the 
force or a resolution of the force. The 
l)arts into which it is resolved are 
spoken of as components. AVhen this 
has been done it is clear that we have 
made the original force become the 
resultant of certain other forces which 
have replaced it. Referring back to 
what has been siiid about the paral- 
lelogram of forces, it will be seen that 
any single force can have any two 
components in any directions w'e like ; 
for by trying, the student will be able 
to make any straight line become the 
diagonal of any number of different 
] )arallelograins. The most convenient 
c(unponents into wdiich a force can 
be resolved are those the directions 
(»f which are at right angles to each 
other. In this method of resolution, 
neither component has any part in the 
other. 

An interesting example of the resolution of a force into two 
components at right angles is afforded by a pendulum. Consider 
a j)enduluni at any j)oint in its swing, as shown in Fig. 26. The 
pendulum-bob is pulled downwards in consetjuence of the attrac- 
tion of gravity, and this vertical force is represented by the line 
BD. The force can, however, be resolved into two forces, one 
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represented by f which pulls the pendulum in the direction BF, 
and the other represented by BE which has no part in moving 
the pendulum, and merely causes tension in the string BC. 


Chief Points of Chapter V. 

Equal Masses. — If two bodies, moving with equal velocities in 
op[K)site directions, stop dead after colliding, we can conclude that 
their masses are equal. If the combined bodies moved after the 
collision their masses could evidently not have been ecpial. 

Two masses are equal if when they are made to impinge on one 
another in opposite directions with equal speeds, and stick together, 
they come to rest. 

The momentum of a body is the quantity of motion it has and is 
equal to the product of its mass and its velocity. 

The unit of momentum is the quantity of motion in a mass of one 
pound moving with a velocity of one foot per second. 

The total momentum of several moving masses remains unaltered 
by impact. This can be expressed by an equation (p. 57). 

(m + w' ) F= mv + m'v' 

Force. — When a gradual change of momentum is either produced 
or tends to be produced in a body, that lK)dy is acted on by force. 

Unit of Force. — The unit of force can be defined in several ways : 

1. A unit force acting for the unit of time is able to produce a unit 
of velocity in a unit of mass. 

2. A unit of force produces a unit of acceleration in a unit of 
mass. 

3. A unit of force gives rise to a unit of momentum in a unit of 
time. 

A Ymindal is a force which produces an acceleration of one foot 
per second per second in the mass of a pound, and a dyne is the 
force which, acting upon a mass of one gram, produces an accelera- 
tion of one centimetre per second per second. 

Equal Forces produce equal momenta in etpial times. 

The number of units of force in any force is equal to the product 
of the number of units of mass in any bfxiy on which it may act, 
and the number of units of acceleration produced in that mass by 
the force in question. 

If F represents the number of units of force in a given force, m 
the number of units of mass on which it acts producing a units of 
acceleration, then we can write 

F=mxa 

Newton’s First Law of Motion. — Every bcxly will continue in its 
state of rest or of uniform motion in a straight line, except in so far 
as it is compelled by impressed force to change that state. 
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Inertia. — The inability shown by a material body of itself to 
change its condition of rest or of uniform motion is called its inertia. 
Inertia may also be defined as the capacity of a body to possess 
momentum. 

The Attraction of Gravity at any place is an example of a Uniform 
Force. — Let a body containing m units of mass be attracted to the 
earth with fV units of force and call the acceleration which would be 
Ijroduced in it if the mass moved towards the earth [/ units. Then, 

}V=mff (p. 62) 

ur 

and m= — 

9 

The Weight of a body is equal to the number of units of mass it 
contains multiplied by the number of units of acceleration produced 
by gravity in a body moving freely towards the earth. 

The acceleration due to gravity is equal to a velocity of 32 feet 
per second in every second, or of 981 cm. per second per second. 

Motion of Bodies falling from Rest.— Let ?;= velocity with wdiich 
such a body is falling, t the number of seconds through which it falls, 
and g the acceleration due to gravity. Then, 


v=gt 

s=igt^ 

v^=:2gs 

Parallelogram of Forces. — If two forces acting at a point be re- 
presented in magnitude and direction by the adjacent sides of a 
parallelogram, the resultant of these two forces will be represented 
in magnitude and direction by that diagonal of the parallelogram 
which passes through this point. 

Resolution of Forces. — A single force can be replaced by other 
forces wliich will together produce the same effect. Such a sub- 
stitution is called resolving the force, and the parts into which it is 
resolved are called components. 


Questions on Chapter V. 

1. Explain fully the circumstances which would justify us in 
declaring the masses of two Ixxlies to be e({ual. 

2. What is meant by momentum ? Define the unit of momentum. 

3. There are two Inxlies whose masses are in the ratio of 2 to 3 
and their velocities in the ratio of 21 to 16. What is the ratio of their 
momenta ? If their momenta are due to forces P and Q acting on 
the bodies respectively for ec^ual times, what is the ratio of 
P to Q ? 

4. The masses of two bodies (P and Q) are in the ratio of 3 to 2 ; 
the former is moving at the rate of 7^ miles an hour, the latter at 
the rate of 200 yards a minute. Find the ratio of P’s momentum to 
Q’s momentum. 
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5. What is meant by Force ? What are the results of the action 
of force upon a mass ? 

6. Define the Unit of Force. When are two forces said to be 
equal ? 

7. How is the number of units of force in any force estimated ? 

8. A force F acting on a mass of 5 lbs. increases its velocity in 
every second by 12 feet a second ; a second force Fj acting on a 
mass of 28 lbs. increases its velocity in every second by 7i feet a 
second. Find the ratio of F to Fj. 

9. Enunciate Newton’s First Law of Motion. Explain what you 
understand by a natural law. 

10. Explain what is meant by the inertia of a material body. 
Give as many of the results of the possession of this property by a 
material body as you can. 

11. How is the weight of a given body estimated? Why is 
tlie weight of a body different at the equator and at the poles ? 

12. How would you proceed to determine the value of the 
acceleration due to gravity ? 

13. Two stones are allowed to drop from the same height but 
the second stone 5 seconds after the first. How far apart will 
they be at the end of 2 seconds from the fall of the second stone ? 

14. Find the velocity of a ball thrown into the air 2 seconds after 
it has passed its highest point. 

15. A body falls from a certain height and on reaching the ground 
has a velocity of 120 feet per second. What is the heiglit ? 

16. What is the depth of a well if it takes 3 seconds for a stone to 
fall from the top to the bottom. 

17. A body falls freely from rest. What is its velocity at the end 
of 1 , 2, 3 seconds respectively ? 

18. A body falls from a tower 144 feet high. Find how long 
it takes to reach the ground and its velocity just before reaching 
it? 

19. State the proposition known as the Parallelogram of Forces 
and give an experimental proof of it. 

20. What is meant by the resultant of two forces acting at a point ; 
and how can it be determined ? 

21. The horizontal and vertical components of a certain force are 
equal to the weights of 60 lbs. and 144 lbs. respectively. What is 
the magnitude of the force ? 

22. Forces of 5 and 12 units respectively act at a point. What are 
their directions when their resultant is greatest and when it is 
least ? 

Find the resultant when greatest, when least, and when the forces 
act at right angles to each other. 

23. Draw two lines Ox, Oy at right angles to each other ; two forces 
act at 0 ; one of 7 units from a? to 0 and one of 10 units from 0 to y ; 
draw to any scale straight lines to represent these forces ; draw, to 
the same scale, the straight line (OR) that represents their resultant ; 
and find from the diagram the number of units of force in the 
resultant, and the number of degrees in the angle a?OR. 

24. Resolve a force of 56 lbs. into two others, so that the smaller 
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of the two shall be 33 lbs., and shall act in a direction at right angles 
to their resultant, 

25. Two strings, the lengths of which are 12 inches and 16 inches, 
have their ends fastened to two points in tlie same horizontal line ; 
their other extremities are fastened together and they are strained 
tight by a force equivalent to 5 lbs. at the knot, acting vertically ; 
the angle between the strings is then found to be a right angle. Find 
the tensions of the strings. 

26. The resultants of two forces, when they act in the same and 
opposite directions, are 5P+7Qand P + Q respectively. Find the 
forces and show that, if each force is increased by a force P, the 
resultant of the two new forces acting at a point at right angles to 
one another is 5(P + Q). 

27. Two lines AOB and COD are at right angles ; and four forces 
act at 0, one of 2 lbs. along OA, one of 3 lbs. along OC, one of 5 lbs. 
along OB, and one of 7 lbs. along OD. Find the value of the resultant 
and show, geometrically, how to find its direction. 

28. A force 65P is resolved into two forces at right angles to one 
another. If one of them is 16P, wliat is the other ? 

29. Forces of 7 and 16 units have a resultant of 21 units ; find the 
directions of the forces by a construction drawn to scale. 

30. Draw an equilateral triangle ABC ; a force of 10 units acts 
from A to B, and one of 15 units from A to C. Find their resultant 
by construction. Also find what their resultant would be if the 
force of 15 units acted from C to A. 

31. A force equal to tlie weight of 20 lbs., acting vertically 
upwards, is resolved into two forces, one of which is horizontal and 
equal to the weight of 10 lbs. What is the magnitude and 
directi(jn of the other component ? 

32. Draw a diagram, as well as yon can, to scale, showing the 
resultant of two forces equal to the weights of 7 and 1 1 lbs. 
acting on a particle W'ith an angle of 60" between them ; and by 
measuring the resultant, find its numerical value. 

33. Two forces, each equal to a weight of lOlbs. act in directions 
making an angle of 120°. Find their resultant. 

34. A boat is U)wed by two ropes, including an angle of 60°. One 
rope is pulled with a force of 20 lbs., and the other with a force of 
55 lbs. Find the resultant force which moves the boat. 

35. A ball weighing 24 lbs, is kept at rest by two strings, one of 
w^hich is horizontal and the other inclined to the vertical at an angle 
of 30°. Find the tensions of the two strings. 

36. Four forces. A, B, C, 1), of 1, 2, 3, and 4 lbs. respectively, act 
at a point. B acts at right angles to the direction of A ; C to that 
jf the resultant of A and B ; D to that of the resultant of A, B and 
C. All the right angles are to be measured in the same angular 
direction. Draw, as accurately as you can, a figure showing liow 
the resultant of all four forces may be found graphically ; and show 
independently, by calculation, that its magnitude is ^30. 

37. The same force F is made to act continuously on two separate 
masses of 15. lbs and 75 lbs. ; compare the accelerations produced. 

38. Two equal masses of 6 lbs. each are connected by different 
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strings p/issing over the edge of a table with two other masses of 
S lbs. and 18 lbs. respecti v^ely. What are their aceelerations and \\ hicli 
will reaoli the edge of the table tirst if )>otb ai’e placed at a distance 
of 12 faet from that edge ? 

*1!). Two masses of bibs, and 7 lbs. are (!onnected by a light string 
which passes over a smooth pulley. Find their common accelera- 
tion and the velocity of either after they have been moving for 3 
secomls. (The student must think here what is the moving force ? 
and what is the mass on which it acts?) 

40. A certain force F acting for 10 seconds produces in a mass of 
17 lbs. a velocity of 12 feet per second ; another force F', acting for 
10 minutes, produces in a mass of 17 cwt. a velocity of 12 yards per 
minute. Find the ratio of F to F'. 

41. One force acting on a mass of 12 lbs. gives it a velocity of 
5 feet per second, in one-third of the time that another force acting 
on a mass of 9 lbs. takes to give it a velocity of 8 feet per second. 
Compare the forces. 

42. What force will set up in a mass of 5 lbs. a velocity of 80 feet 
per second in 5 seconds ? 

43. How many units of force (foot-pound-second system of units) 
must act on a mass of 16 lbs. for 4 seconds so as to give it a velocity 
of 35 yards per minute ? 

44. A certain force acting on a mass of 10 lbs. for 5 seconds, pro- 
duces in it a velocity of 100 feet per second. ComiKi]*e the foi’ce 
with the weight of 1 lb., and find the acceleration it w’ould prodiKJe 
if it acted on a ton. 

45. Equal forces act for the same time on two bodies A 
and 11, the mass of the first being four times that of the second. 
What is the relation between the momenta generated by the 
forces ? 

46. A force moves a body IS feet in 3 seconds, starting from a 
position of rest. Find the ratio of the force to the weight of the 
body. 

47. A pressure equal to the weight of 3 lbs. acts on a mass of S lbs. 
starting from rest. Find the distance over which the mass will 
move in 4 seconds. 

48. A horizontal force which would statically support 5 lbs., 
acted continuously for 3 seconds on a heavy body initially at rest on 
a smooth horizontal plane, and at- the end of that time the body 
was moving with a velocity of 200 yards per minute. Determine 
(a) tlui acceleration and (h) the mass of the l)ody. 

49. A mass of 12 lbs. rests on a horizontal table. Find the pressure 
of the mass upon the table when the table is made to descend with 
a uniform acceleration of 5 feet per second per second. 

50. A man whose weight is 160 lbs. is standing in a lift. What 
pressure w'ill he cause on the bottom of the lift when it is (a) ascend- 
ing, (?>) descending with uniform acceleration Ig'i 

51. Ten pounds hangs by a string from a point which ascends 
with an acceleration of 2 (feet per second per second) ; find the 
tension of the string. 

62. A bullet, weight 1 oz., is fired from a rifle ; if it has a velocity 
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of l/)20 feet per second on leaving the hairol, what will he its ino- 

Mientinn at that moment ? 7 < ii „ 

/)3. Compare the momenta of ru'o bodies, masses 4 tons and 4 lbs. 
respectively^ the former Iiaving a velocity of 20 miles an hour and 
tiie latter feet per second. r i 

54. If a mass of 10 lbs. was moving at tlie rate of 100 yards a 
minute and a mass of 4 ]))s. at the rate of 6 miles an boiii’, fintl the 
ratio of the momentum of the first to that of tlie second. 

55. A ]>ul]et, mass oz. , moving liorizontally with a velocity of 
1,248 feet per second, strikes a cubical block of wood, mass 25 lbs., 
lying on a smooth horizontal plane, and remains imbedded in it ; 
find tlie velocity with which the wood begins to move. 

56. If a 5()0-lb. shot be fired by a 82-ton gun so that the sliot 
leaves the gun with a vekxuty of 1,400 feet per second, find the 
velocity of the gun’s recoil. 

57. just as a tramcar reaches a man standing by the tramway, it 
has a velocity of 8J feet per se<*ond, the man takes h<4d of and 
mounts the car. What- change of velocity takes place ? the weights 
of the car and man being 1 ton and 10 stones i*espectively. 

58. Two masses are moving with velocities of 12 feet per second 
and 40 yards per minute rospeedivtily ; if their momenta be equal 
and the mass of one be 6 lbs., wbat is the mass of the other? 

59. A mass of 8 lbs. moves from rest with an acceleration of 10 feet 


per second per second ; what is its momemtum (a) after 20 seconds, 
(h) after it has passed over a distance of 20 feet ? 

60. The same body is weighed by means of a spring balance in 
London ami Rio do Janeiro ; if the weighings show respectively 
20 lbs. 1 oz. and 20 lbs. 2 oz., compare the values of {/ obtained. 

61. The intensity of gravity on Jupiter is 2*5 times that on the 
earth ; find the time it will take a l)ody to fall 160 feet on 
Jupiter. 

()2. A force F acting on a mass of 10 lbs. increases its velo(;ity in 
every second by 10‘7 feet per second in a locality where the velocity 
gained by a falling body in a second of time is 82 1 feet per second. 
Compare the magnitude of the forc.e F with the weight of a 
pound. 

63. Describe an experiment for demonstrating the principle of the 
parallelogram of forces to a class. A nail is di iven into a wall and 
two strings are tied to its head. When the two strings are pulled 
horizontally and at right angles to one another wnih forces equal to 
6 and 8 lbs. respectively, the nail can be dislodged. What forces 
would be needed if the strings were brought together and the nail 
pulled straight out ? Illustrate your answer with a diagram. 

64. Two forces, the magnitudes of wliich are proportional to the 
numbers 8 and 4, act on a point at right angles to each other. Draw 
a parallelogram as nearly to a scale as you can to show the direction 
and magnitude of the resultant, ana deduce by measuring ycur 
diagram, or in any other way, the magnitude of tlie resultant. 

65. What is meant by the parallelogram of forces ? Give a diagram 
to illustrate your answer. Describe an experiment by means of 
which the truth of the proposition may be verified. 
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66. Two forces P and Q act upon a body. If P acted aione it 
would, in two seconds, produce in the body a velocity of 10 feet per 
second, while if Q acted alone it would, in three seconds, produce in 
tJie body a velocity of ]8 feet per second. Wliat veb)(*itii‘s will P 
and Q. produce in one second when acting together if the directions 
in wliich they tend to move the bwly are — (a) idtuitical ; (b) directly 
opposed ? 

JVo/e. — For the sake of practice the student should work some of 
these examples, substituting centimetre-gram-second units for those 
given. 



CHAPTER VI 

PARALLEL FORCES AND CENTRE OF ORAVITY 

Parallel Forces. — We have seen that tlie earth exerts a down- 
ward pull upon all objects on its surface, and that in consequence 
of this all things fall to the ground if unsupported. It follows, 
therefore, that everything which is supported above the earth’s 
surface is constantly being pulled downwards, even though it 
does not fall. If a beam, for instance, is supported horizontjilly 
by resting the ends upon two posts, each particle of it may be 
regarded as being pulled carthwjirds by an attractive force. 
The direction of the pull is everywhere towards the centre of 
the earth, so for any one spot on the earth’s surface wo may 
consider the attractive forces due to gravity to be parallel to one 
another. 

Expt. 69. — Place the ends of a stiff lath or rod of uniform 
thickness upon two letter balances, or support the rod by 
hanging each end from a spring balance. Notice the weight 
borne by each balance ; then weigh the rod, and so determine' 
the proportion of the weight supported at each end. 

This experiment represents on a small scale the case of a 
beam referred to before, and by using the spring balances we 
further see that the weight of a beam is ecjually divided between 
the two supports. In other words, we find that the two u])ward 
forces exerted by the balances are together e(j|ual to the down- 
ward force represented by the weight of the beam. 

Exi’T. 60. — Using the same arrangement as before, notice 
the reading shown by each balance when the lath is supported. 
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Then place a weight anywhere upon the lath and again observe 
the reading of each balance (Fig. 27). Repeat the experiment 



Fia. 27.— To illustrate Experiment 60. 


with the weight in different positions on the lath, and record 
the results in columns as shown below : — 


Weight supiK>rted 
by A. 

Weight supported 

1 A+B. 

Weight of lath 
plu.M weight u«ed. 


1 ! 



If columns 3 and 4 are compared after performing an experi- 
ment of this kind they will be found to be practically tlie same, 
thus again showing that when the lath is in ec^uilibrium the sum 
of the upward forces is equal to the sum of the downward forces. 
The following experiments further illustrate this principle. 

FjXpt. 61. — Suspend a light, stiff rod by a string which 
passes over a pulley and has attached to its other end a weight 
equal to that of the 
rod. The rod can 
then move as if it 
were weightless. 

Fasten a spring 
balance to a con- 
venient point on 
the rod. Suspend 
weights A and B at 
convenient points on 
the rod so that they 
balance about this 

point, and show that Fia. 28.— Parallel Forces, 

the magnitude of the 

resultant is equal to the sum of the weights (Fig. 28). 
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Expt. 62.— Attach an Jidditional weight to the string which 
is fastened to the centre of the rod, and also weights to the 
ends, so tliat the rod is in equilibrium. Show that the pull 
on the balance is equal to the difference of the forces which 
act downwards and upwards respectively. 

Principle of Parallel Forces. — We are now in a position to 
state definitely the principle of parallel forces demonstrated by 
the foregoing experiments. It may be expressed as follows : — 
'' The resultant of a number of parallel forces is numerically 
equal to the sum of those which act in one direction, less 
the sum of those which act in the opposite direction.” In 
other words, we may say, the resultant is equal to the alcjehraic 
sum of the forces 

If two e(puil parallel foixes act in the same direction upon a 
body, the total force will be obtained (as might be expected) by 
adding the two individual forces together. In like manner, if 
two unequal parallel f (trees act in opposite directions the not 
effect will be found by subtracting the lesser of the two forces 
from the greater, and the direction of the resultant will be that 
of the greater force. 

Resultant of Parallel Forces. — It has been shown experi- 
mentally that the resultant of a system of parallel forces is 
equal in magnitude to the algebraic sum of the forces ; the 
direction of the resultant is the same as that of the greater of 
the parallel forces. This is illustrated by Expts. 61 and 02 ; 
for while the forces due to the weights on the rod act vertically 
downwards, the resultant, represented by the pull of the 
spring balance, acts vertically upwards. The position which 
the resultant occupies with reference to the component forces 
can also be shown by the same experiments, or by the following 


Expt. 63. — Using the arrangement described in Expt. 62, 
suspend different weights from the rod and then move the 
spring balance Jilong the rod to a point about which the 
weights counterpoise one another. Repeat the experiment 
with the weights at unequal distances from the balancing 
point, and observe in each case (a) the reading of the spring 
balance, (6) the distance of each weight from the point at 
which the spring balance is attached to the rod. Record as 
below and compare columns 5 and 6. 



VI PARALLEL FORCES AND CENTRE OF GRAVITY 77 


wt. A. 

Wt. B. 

1 Dist. Ac. 

Dist. Be. 

Ax Ac. 

BxBc. ! 








The first part of a record of this kind will show that the 
magnitude of the resultant force is equal to the sum of tlie 
components, while the second part will prove that in each case 
when the rod is in ecjuilibrium one weight multiplied by its 
distance from the point of action of the resultant is e({ual to 
the other weight multiplied by the other’s distance from the 
resultant. Or, expressing the result as an equation, and sub- 
stituting the word force for weight, we have : — 

Force on ^ DisLince from _ Force on ^ Distance from 
one side Resultant *“ other side Resultant. 

If the component forces are equal, their distances from the 
resultant will also be equal ; and if they are une<iual the re- 
sultant will always be nearer to the greater force. In other 
words, a small force is at a largo distance from the resultant, 
and a largo force is at a small distance. 

This follows from what has been already said (p. 49) con- 
cerning the moments of forces tending to turn a body in 
oi)posite directions. It will be remembered that the moment 
of a force is obtained by multiplying the force (measured in 
units) by the perpendicular distance between the point at which 
it acts, and the fulcrum or hinge about which the body tunis. 
If a rigid object such as a lever or balance, wipable of turning 
about a fixed point in one plane is at rest, then the sum of the 
moments of the forces tending to turn it in one direction is 
equal to the sum of those tending to turn it in the op])osite 
direction. Expressed as an equation, we have : — 

Sum of moments _ Sum of moments 
on one side of fulcrum on other side of fulcrum. 

Still another way of regarding this important truth is to s.*iy 
that the algebraic smn of the 'inomoita is aliixtgs egaal to 0. 

Conditions for the Equilibrium of Three Parallel Forces. 

— The student should now be in a position to understcind clearly 
the conditions which must prevail for three parallel forces to be 
in equilibrium. 
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Expt. 64. — Suspend a light rod horizontally from two spring 
balances (Fig. 29), and hang a weight from any point between 
the balances. 

Observe (a) the readings of the balances. 

(b) The length of the rod between the balances. 

(c) The length of rod between the weight and the balance 
on each side. 


Vary the distance of the weight, and again make observa- 
tions. Also repeat 
the experiment with 
a different weight. 



Neglecting the 
weight of the rod, this 
experiment is a de- 
monstration of the con- 
ditions for the equi- 
librium of three paral- 
lel forces. The weight 
Fig. 29. —Equilibrium of Three Parallel Foroes. will be found to be 

equal to the sum of the 
readings of the spring balances. In other words, the resultant 
force will be found equal to the sum of the components. More- 
over, the readings of the spring balances will be found to be in 
inverse ratio to the distances of the balances from the weight ; 
while the weight itself will be proportional to the length of the 
rod between the balances. The relation is shown graphically 
by Fig. 30, in which the three forces are represented 




W 

Fig. 30.— Equilibrium of Parallel Forces. 


by the lines, CW, AD, BE. The forces bear exactly the same 
proportion to one another as the distances AB, BC, CA. We 
have, therefore, as the conditions of equilibrium of three parallel 
forces the following expression : — 
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Force CW _ Force AD _ Force BE 
Distance AB Distance BC Distance CA 

Or, expressed in words, each force is proportional to the distance 
hetn-cen the other tax) forces. 

Example. — A weight of 120 lbs. is suspended from a light 
rod (whose weight may be neglected), the ends of which rest 
upon the shoulders of two men, A and B (Fig. 31). The rod is 6 



Fia. 31. — Rolivtion of Parallel Forces to one another. 


feet long, and the weight is 2 feet from the man A, and 4 feet 
from the man B. What proportion of the weight is borne b}^ 
each man ? 

From the above we see that 

Amount home . Amount borne _ B’s distance . A ’s distance 
A * by B from weight ’ from weight 

= 4:2 = 2. 

So that the man A bears twice as much as the man B, that is, he 
bears 80 lbs. and B carries 40 lbs. 

The Principle of Moments applied to Parallel Forces.— It 
will be evident that the ]3recediiig problem resolves itself into 
one on the moments of forces. Suppose we consider the 
shoulder of the man A to be a fulcrum about wdiich the rod 
may turn, then, since the rod is in equilibrium, the moments 
of the forces tending to turn it are equal and opposite. We 
may, therefore, wTite : — 

B’s exertion x distance from A = weight x distance from A. 
Or, B’s exertion x AB = 120 x 2. 

That is, B’s exertion x 6 = 240 

Therefore, B’s exertion = = 40 lbs 

D 
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The force exerted by A may be found in a similar way by 
taking the moments about the shoulder of B considered as a 
fulcrum. In this case we have 

A’s exertion x distance from B = weight x distance from B. 
Or, A’s exertion x 6 = 120 x 4. 

120 X 4 

Therefore, A’s exertion = — =80 lbs. 

b 

We may also consider the moments of forces acting at the 
point C, from which the weight is suspended. Then we have 

A’s exertiim x AC = B’s exertion X BC 

Or, A’s exertion x 2 = B’s exertion x 4 

B’s exertion x 4 
i heref ore, A s exertion =- „ — — 

= B’s exertion x 2 


If B’s exertion is denoted by aj, then A’s exertion is expressed 
by 2.13. The total weight sujiported is 120 lbs. ; so that 


£ 


A’s exertion + B’s exertion = 120 lbs. 

Or 2ic + = 120 ,, 

That is Sx = 120 ,, 

120 

Therefore x — = 40 lbs. 

3 

= B’s exertion. 



We have thus taken moments about three different points and 
have found that they all give the same results. As a matter of 
fact, it does not matter what point is considered as the fulcrum 
when forces act upon a body in one plane, in the manner here 
considered. Under these conditions the rule already given for 
the moments of forces holds good, and the moments may be taken 
about any point in the plane in which they act. As it is im- 
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Fki. 32 .— To illustrate the Principle of Moments applied to Parfillel Forces. 


portant that the student should thoroughly understand this, we 
give another example : — 
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A uniform beam, 12 feet long, is supported at its two ends, 
A and B. The beam weighs 4 cwt., and hanging from it at a 
distance of 3 feet from A is a weight of 2 cwt. What is the 
pressure on each support ? 

As the rod is uniform, its weight, as we shall see later (p. 82), 
may be considered to be concentrated at the middle point. 
Then taking moments about A (Fig. 32), and denoting by S the 
force exerted by B, we have the following equation : — 

S X BA = (2 X AD) + (4 X AC) 

Or S X 12 = (2 X 3) + (4x6) 

Hence 12S = 30 
30 

Therefore S = ^ = 21 cwt. 

12 ^ 

In a similar way, by biking moments about the point B, we 
have, when S' denotes the force exerted by A : — 

S' X AB = (2 X DB) + (4 X OB) 

Or S' X 12 = (2 X 9) + (4 X 6) 

Hence 12S' = 42 

And S' = = 31 cwt. 

12 ^ 

It will be noticed that S + = 6 cwt., which is the total 

weight borne. From this it follows that if the force exerted by 
one support is found, the force exerted by the other support can 
be determined by subtracting the first force from the total 
weight borne. 

Centre of Gravity. — Consider a large number of weights, 
some heavier than others, suspended from a horizontal rod 
arranged as in Expt. 61. A certain position could be found at 
which the spring balance would have to be attached in order 
to keep the rod in equilibrium. When the rod is hung from 
this point the tendency to turn in one direction is counteracted 
by the tendency to turn in the other, so the rod remains 
horizontal. The weights may be regarded as parallel forces, and 
the spring balance as equal to their resultant. Now consider a 
stone, or any other object, suspended by a string. Every par- 
ticle of the stone is being pulled downwards by the force of 
gravity, as indicated in Fig. 33. The resultant of these parallel 
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forces is represented by the line GF, and the centre of the 
forces is the jioint G. The |K)int G, tlmm^di which the resul- 
tant (GF) of the parallel f<>rces due to the weiglits of the indivi- 
dual particles of the stone ])asses, is 
known as the centre of gravity. For 
the stone t<^ be in equili])riiini, the string 
must be attaclied to a ]>oint in the line 
GF, or tiF produced. 

Every material object has a centre of 
gravity, and the position of this ])oint 
foi* a jjarticular object is the same so 
long as the object retains the same 
form. 

Experimental Methods of Deter- 
mining Centre of Gravity. - The centre 
of gravity of such gcoimd-rical figures as 
circles, s(piares, and parallelograms is 
really th(‘ centre nf the figui’(‘s, and can therefore be determined 
geomi‘t.rically. In tin* case of unsymmetrical tignri‘S, Inovever, 
the centre of gravit y cannot be so easily found ])y geometry, 
and is l>est. dett'rmined by experiment. The follow'ing exj)eri- 
ments illustrate the method employed, and the ])rinciple 
involved : — 

Exit. (>5. — Procure an uncut y)encil. Tie a ])iece of thread 
nmnd the ]>encil and a<l just the thread in such a jiosition that 
the pencil is suspended hori/Amtally from it. Measure the 
distanccj of the thi’cad from each exti-emity of the pencil. 

Tlie pencil m;iy lie regarded as a straight line, and the 
observations will slunv that the centre of gi*avity is in the 
middle of it. 

Exit. (ki. — Obtain several sheets of w^ood, zinc or caixlboard 
cut into various shapes as showm in Fig. 114, and drill holes in 
the positions indicated. Using one at a time, tie ])ieces of 
string to the sheet, p/issing each through one of the holes. 
Hang the plate by one of the strings to a su])]>ort such as one 
of the rings of a retort sLind. Allow it to come to rest and 
draw' a chalk mark across the plate in the siime straight line 
with the string as show'ii by the dotted line in the figure. 
Now attach the sjime plate by one of the other threads exactly 



Jf 

Fid. .*{.'1 — F’linillul Fon t's 
diuj to Ciruvity. 
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as before and again make a mark in continuation of the string. 
The two clialk marks intersect at a point marked G, Fig 35. 
Untie and do the same with another string, the third line 



Fia. 34. — Fiifures for the Detoriniiiatioii of CeiitrcH of Ciravity. 

passes through the intersection of the first two. Obtain a 
similar jioint for eacli of the other jdates. Also determine in 



the same way a similar point for irregular plates of wood, zinc 
or cardboard. 

Expt. G7. — Balance the pieces of wood, zinc, or cardboard, 
one after the other, up<m a pointed upright, at the intersection 

0 2 
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of the chalk marks ; each will be found to set it-self in a 
iiorizmital position. If the plates are of cardboard, a better 
j)]an is to make a pin-hole at the centre of j^ravity and j)ass a 
tlii-ead knotted at. one en<l through it. Tlie plate can then be 
lield up and will lie found to set horizontally. 

Exit. (i8. — Determine experimentally the centre of gravity 
of a ])late in the form of a parallelogram. Mark the point 
with a pencil ; then turn over the plate and draw the two 
diagonals ujion the opjiosite side. Make a ])in-hole whore the 
diagonals intersect. The jioint where the diagonals intersect 
will be found to be practically the same as the centre of gravity. 

Centre of Gravity of a Triangular Plate.— Exit. (19.— 
Rej)eat the j)receding exj)eriment, with a triangle cut out of 
cardboard. After finding the centre of gravity, jirick a pin- 
hole through the cardboard, then turn over the triangle and 
draw a line fi'om each angle through the })in-hole to the 
(jpposite edge. Now, biking each edge in turn as the base of 
the triangle, determine (<() the lengths of tlie two parts int(» 
which each base is divided by the lines drawn, (h) the propor- 
tion w'liich tlie distance of the Iiole from each base bears to 
the length of the line from that base to the opposite angle. 

It. will be found as the result of this experiment that the line 
from each angle to the base divides the base into two equal 





Kiu. 3t».— (Jeoinctric.'il illustration of (.’entre of Gravity of a Triangular Flare 


parts, and also that the distance of the hole from the base is 
one-third the whole length of the line. We may, in fact, con- 
sider a triangular })late as made uj) of a number of narrow strips 
of material which decreases in length from the base to the apex. 
The centre of gravity (»f each strip is the middle of the strip ; 
hence the line drawn from the apex to the middle of the liase 
passes tlirough each centre of gravity. By taking another side 
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as base a similar line can be drawn from the middle to the 
opposite angle. These lines intersect at one-third tlie distance 
up, measured from the base, and the j)oint of intersection is the 
centre of gravity of the triangular plate (Fig. 30). 

Centre of Gravity of a Quadrilateral. -Exit. 70.- Cut 
a four-sided figure out of cardboard, and draw a line connect- 
ing two of the o}>})osite angles. Find by bisecting this line and 
Liking one-tliird the distance from tlie middle to the o])posite 
angle, the centre of gravity of each of tlie triangles into 
which the figure is divided. Connect the two points found. 
Then draw tlie other diagonal of the quadrilateral, retieat the 
measures, and connect the centres of gravity as before. 
Make a hole where this short line cuts the other, and show, 
by passing a piece of knotted thread througli it, and so sus- 
pending the cardboard, that the jioint determined in this 
way is the centre of gravity of the whole figure. 

Other Centres of Gravity.— Exit. 71.— Procure a skeleton 
cube or tetrahedron, and suspend it as in the preceding ex[)eri- 
ments, Mark the verticals through the point of suspension’ 
by light wires attached by wax, and thus find the position of 
the centre of gravity. 

The centre of gravity of a skeleton cube may be found in this 
way to be the intersection of the diagonals. In a similar 
manner, the centre (d gravity of a right cylinder may be shown 
to be the middle point of the axis. 

Expt. 72. — Find the centre of gravity of an open wicker- 
work basket, such as a waste-}>aper basket. To do this, 
suspend the basket, and hang a plumb-line from the {loiiit of 
suspension. Tie a jiiece of thread across the basket in the 
direction of the plumb-line ; then suspend the basket from 
another p<»int, and notice where the plumb-line crosses the 
threiid. The point of intersection is the centre of gravity. 

Equilibrium. — When a body is at rest all the buces acting 
U|x)ii it balance one another (or, wdiat is the same thing, any 
force is equal and opposite to the resultant of the remaining 
forces) and it is sfiid to be in e^^uilibrium. It is in stable etpu- 
librium when any turning motion to which it is subjected raises 
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the centre of j^nivity ; in imstafple efptiiihriinji when a similar 
movement lowers tlie centre <»f gravity, and in nenlnd e(jui- 
lihrium w hen the height of the centre of gravity is unaffected 
])y such movement. Consec^uently, if a body in stable ecjuilibrium 
is disturbed, it returns to its original position ; if in unstable 
e<piilibrium, it wdll, if disturbed, fall away from its original 
])osition ; while if the condition of equilibrium is neutral it will, 
under similar circumstiinccs stay where it is moved to. 

Expt. 73. — Procure an oblong strip of board or cardboard 
(Fig. 37). Bore a licde through the oblong near one end, and 
one tJiroiigh the middle. Su))j)ort the strip as at A ; it is 
then in stable e(|uilibrium, for the slightest turn either to 
right or left raises the centre of gravity. When supported as 



A B u 

Fio. :i7. — ConditioiiH of Equilibrium. 


at B, the stri]) is in neutral equilibrium ; and when supported 
as at C it is in unstable equilibrium. 

A ball resting upon a table is in neutral equilibrium ; for when 
it rolls the height of the centre of gravity is not changed. 

Conditions of Stability.— Exit. 74.— See whether any of 
the cardboard figures used in the preceding experiments cfin 
be hung loosely from a pin with the centre of gravity above 
the ])in. Try the ex])eriment with the ])in at different dis- 
tances from the centre of gravity. In each case notice the 
direction of the line connecting the centre of gravity with 
the point of support w hen the figure comes to rest. 

This experiment illustrates the conditions with reference to 
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centre of gravity and ])oint of support which must he fulfilled 
in t)rder that an object shall be in ecinilibrium. It will be found 
that the centre of gravity is in every case below the point of 
supi)ort when the sus])ended object is in eipiilibrium. The 
greater the distance betwa^en the ])oint of support and the centre 
of gravity, the greater is the temlency to return to the position 
of e(jiiilibrium. 

When the centre of gravity and the point of su])port (►f an 
object ai*e clost^ together the ecpiilibriinn of the object is easily 
distin-bed. A good balance partly ow'es its sensitiveness to this 
c(»ndition, the centre of gravity and point of su])port })eing 
designedly brought close together. 

It has been shown that in the case of a fjvely sus])ended 
object the centre of gravity is at its lowest point w'hen the 
object is in e({uilibrium. Let us see how this applies to a body 
supported upon a surface below the centre of gravity. 

Equilibrium of Object resting upon a Base. Ex rr. 75.— 
Procure an oblong block of wood of about the same size as this 
book, and about an inch thick. Draw the two diagonals (ui (uio 



Fio. 38.— Relation between Centre of Gravity and the I3a«e of Support. 

of the faces ; the centre of gravity of the block will ))e inside the 
lilock at a ])oint below’ the intersecthm of the diagonals. Press 
a pin ])artly into the block at the point where the diagonals 
intersect, and sus])end from it a small plumb-line mmle of a 
short piece of thread and a bit of lead (Fig. ,‘18). Now place 
the block u]»on a board, ami n<^>tice the direction of the jdumb- 
line. Tilt the board until the block toj)ples over. When 
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this happens, notice the direction of tlie plumb-line with 
reference to the base. 

It will be found by this experiment that the block topples 
over as soon as the phiinb-line falls beyond the point A of the 
base. For any object resting upon a base to be in e(juilibrium, 
a vortical line drawn from the centre of gravity downward must 
fall within the base. When this vertical line falls outside the 
}}ase, the body to])j)los over. 

Exit. 76. ~ Rc]>eat the j}receding cx])eriment with tliick 
blocks of wood triangular in shape, and with cylinders and 
cones. In this way show that a body is only in equilibrium 
when the centre of gravity is vertically above some point of 
the supporting surface. 

It will be evident from these experiments that a body is least 
liable to be upset when the centre of gravity is at a considerable 
distance from all parts of the edge of the base ; for when this is 

the case the body has 
to be tilted through a 
large arc before the 
centre of gravity falls 
outside the base. 

A funnel standing 
upon its mouth is an 
examjde of a body 
which cannot be easily 
overturned on account 
of the low centre of 
gravity and its distance 
from the edge of the 
base (Fig. ^19). It is then in stable equilibrium. If the funnel is 
stood upon the end of the neck it can easily be overturned, 
because very little movement is reciuired to bring the centre of 
gravity outside the base. It is then in unstable equilibrium. 
When the funnel lies u})on the table it is in neutral equilibrium, 
for its centre of gravity cannot then get outside the points of 
support. 



Fig. 3S1.— a fuiiiiol in (A) Stable Equilibrium, 
(B) Unstable Equilibrium, (C) Neutral Equi- 
librium. 
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Chief Points of Chapter VL 

Parallel Forces. — The re.HiiItant of a mimher of parallel forces is 
niwiorically equal to the sum of those which act in one direction, 
less the sum of iJiosc wJiich act in the opposite direction. In other 
words the resultant of a system of parallel forces is equal in ma<jni- 
tiuie to the algebraic sum of the forces ; the direcHon of the 
resultant is the same as tliat of the greater of the parallel forces. 

The Centre of Gravity of a rigid Inxly is the point upon which the 
body could be supported or balanced ; in other words, it is the [>oint 
througli which the resultant of the paiallel forces <lue to the weights 
of the individual particles passes. 

Every material object has a centre of gravity, and the position of 
this ])oint for a particular object is the same so long as the olqect 
retains the same form. 

The centre of gravity of such geometrical figures as circles, squariis 
and parallelograms is the centre of the figures, and can be determined 
geometrically. The centre of gravity of unsymmetrical figures can 
be determined by experiment. 

The centre of gravity of a triangle is lotsated on the line drawn 
from one of the angles to the middle point of the side opposite and 
at a distance of one-third of this line’s length from that side 
of the triangle. 

Equilibrium. — A body is said to be in equilibrium when all the 
forces acting upon it balance one another. It is in stable equilibrium 
when any turning motion to which it is subjected raises the centre 
of gravity ; in unstable equilibrium when a similar motion lowers 
the centre of gravity ; and in neutral equilibrium when the height 
of the centre of gravity is unaftected by such movement. 


Questions on Chapter VI. 

1 . Describe an experiment to prove that the resultant of a number 
of parallel forces is numerically equal to the sum of those which act 
in one direction, less the sum of those which act in the opposite 
direction. 

2. iState the conditions for the equilibrium of three parallel forces. 
Describe an experiment which shows these conditions. 

3. A])ply the principle of moments to explain the conditions of 
equilibrium for parallel forces. Give an examjde. 

4. Wliat d() you understand by the centre of gravity of a body? 

5. Desc.rilMJ an experimental method for finding the centre of 
gravity of any body, e.f/., a waste-paper basket. 

6. Where is the centre of gravity of a triangle located. 

7. How could you find by a geometrical construction t he centre of 
gravity of a circular plate, a sijuare piece of cardboard, or anv other 
regular geometrical figure ? 

8. When is a body said to be in equilibrium ? Distinguish between 
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stable, unstable, and neutral equilibrium. What is the condition 
which determines the nature of the equilibrium? 

9. Describe an experiment which exemplifies each of the terms in 
the preceding question. 

10. Give instances of bodies in stable, unstable, and neutral equi- 
librium. 

11. How would you determine the centre of gravity of fin iron 
hoop made by joining two semi-circles, one thicker than the other? 
Explain how the observations could be used to find out which W’as 
the thicker half of the hoop. 



CHAPTER VII 

PRINCIPLE OF ARCHIMEDES, AND RELATIVE DENSITY 

Principle of Archimedes. — Every one has noticed, when in 
water, that the body is buoyed up and appears lighter than 
when on land. The liquid ap- 
pears to exert an upward force 
of buoyancy which partly coun- 
teracts the weight of the body. 

The force which a li((uid exerts 
upon an object immersed in it 
is measured in the following 
experiments : — 

Expt. 77 . — Suspend from a 
spring balance a metal ball or 
cube or cylinder, the volume 
of which is known or can be 
calculated from the dimen- 
sions. Or, instead, use any 
object, such as a glass stopper, 
the volume of which has 
jireviously been determined 
by displacement <jf water 
(see Exi)t. 43). Notice the 
weight of the object in air, 
when suspended from the F.u, 40.- Lobs of Weight ■« Water. 

balance ; then immerse the 

ball in a glass of water and observe the loss of weight 
(Fig. 40). 
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The number of cubic centimetres in the object is also the 
number of cubic centimetres of water displaced by the object ; and, 
since one cubic centimetre of water weighs one gram (the weight 
varies slightly at different temperatures, but we may disregard 
the variation here), the numl)er of grams which the water dis- 
placed weighs is the same as the number of cubic centimetres 
displaced. The experiment will show that the loss of weight of 
an object submerged in water is equal to the weight of the w ater 
displaced by the object ; or, exjjressed in another way, the npfhrnd 
expermu'ed b\i an object inmiersed in water is equal to the weifjht of 
the nxder displaced. 

Expt. 78. — Repeat Expt. 77 with a pair of scales instead of 
, spring balance. To do this, suspend the object by means 



of a piece of thread from a hook above the left pan of a 
balance, and weigh it. Then place a glass of water upon a 
platform or stage so that the object is immersed as in Fig. 41, 
and weigh again. The loss of weight will, as before, be found 
to be ecpial to the weight of the volume of w^ater displaced by 
the object used. 

Expt. 79. — Using the graduated glass jar already described 
(Expt. 48), fill it about two-thirds full of water, noticing the 
mark level with the top of the water. I^rocure a cylindrical 
tin canister about half the diameter of the jar. Place the 
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canister in the water, and gradually put shot into it until it 
just sinks in the water when the cover is on. Pour thtj water 
displaced ]>y the canister into a beaker counterpoised upon a 
balance ; then take out the canister, wipe ii-, and place it in 
the other pan of the balance. You will find that the weight of 
the cfuiistcr is practically the same Jis the weiglit of the water 
displaced. 

Expt. 80. — Repeat the preceding experiment, using another 
liquid, such as methylated spirit or turpentine instead of 
water. 

The foregoing experiments justify the following conclusion — 
known as the “Principle of Archimedes” : — When a body is 
submerged in a liquid it loses weight equal to the weight 
of the liquid displaced by it. This principle applies to all 
bodies, whether they are lighter or heavier than the liquid in 
which they are immersed. 

So far we have only referred to bodies which sink, or remain 
suspended, in the li(juids displaced, and it is now necessary to 
deal with bodies which float. 

Experiments on Flotation.— Expt. 81.— Procure a rect- 
angular rod of wood or a pencil, and weigh it. Select a narrow 



Fig. 42.— Flotation of Wooden Ilod in a Burette and in a Graduated Jar. 


glass jar graduated into cubic centimetres, or a burette ; fill 
it with water up to a certain mark, and put the rod into it. 
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(Fig. 42). Notice the length of rod immersed and how many 
cubic centimetres or grams of water are displaced by the rod. 
Repeat the experiment with turpentine, brine, and methy- 
lated spirit, in each case running off the liquid displaced and 
weighing it. Record your observations as below : — 

Length of immersed portion of rod cm. 

Length of whole rod cm. 

Weight of rod gm. 

Weight of liquid displaced gm. 

A comparison of the results thus obtained will show that the 
weight of the whole rod is equal to the weight of the liquid 
displaced by the portion of the rod immersed. 

Exi»t. 82. — Procure a wooden cube or rectangular block. 
Sliglitly oil the block and place it in a glass of water. Mark 
upon it with a pencil where the surface of the water touches 
it. Then take out the block and determine the volume of the 
immersed portion in cubic centimetres. You will then know 
the volume, and therefore the weight, of the water disjdaced. 
Record as below : — 

Weight of block gm. 

Volume of immersed portion of block ... c.e. 
Therefore weight of water erpial to 

the immersed portion of block gm. 

In this case, again, it will be found that the weight of the 
whole block is equal to the weight of the volume of water dis- 
placed by the portion i nmersed. 

Expt. 83. — Procure a large wooden j)ill-box, and float it, 
by adding shot, without the cover, in water, up to a mark 
which you have made beforehand upon the curved surface. 
Show, as before, that the weight of the volume of water dis- 
placed is equal to the weight of the whole box and the shot. 
Repeat the experiment by putting more shot in the box, and 
so making it sink deeper in the water. 

Expt. 84. — Fill the graduated jar with water up to a certain 
mark, and then float a test-tube in it. Put sufficient shot into 
the test-tube to make it float upright ; and, when it does so, 
notice the volume of water above the initial level of the water 
in the jar. The weight of this water in grams will be equal 
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to the number of cubic centimetres above the initial level. 
Take out the test-tube and weigh it ; the weight will be found 
ecjualto the weight of water displaced. Repeat the ex})enmeiit 
with the test-tube floating at difierent depths. 

Applications of Archimedes’s Principle. — From the foregoing 
experiments it is easy to understand many interesting facts. 
For instance, a ship made of iron and containing all kinds of 
heavy things is able to float in water although the material of 
which they are made is denser than water. Evidently the reason 
is that the ship and all its contents only weighs the same as the 
volume of water displaced by the immersed part of the hull. 
Or, to put the fact another way, the ship as a whole weighs 
less than a (quantity of water the same size as the ship would 
weigh. We have seen (Expt. 79) that when an object weighs 
the same as an equal volume of water, it will remain suspended 
in the water ; when it weighs more than an e(pial volume of 
water it sinks (Expt. 78) ; and when it weighs less than an e(|ual 
volume of water it floats (Exjd-s. 81 and 82). This principle 
applies to all fluids, that is, all Ihjuids, and to all gases as well. 
It ex])lains that a balloon rises because the gas contained in it, 
together with the bag and all the tackle, weighs less than the 
weight of an e(pial volume of air. If the balloon were free to 
ascend it would rise to a height where its weight would be e(pial 
to the weight of an equal volume of the suiTounding air. 

Density. — We shall now apjdy the princijde demonstrated by 
the foregoing experiments to the determination of the densities 
of solids and Ihjuids. 

Exi'T. 85. Procure equal volumes of different substances, 
e.f/., a cubic inch of wood, lead, cork, marble, and determine 
their masses by means of a l>alance. Notice they are different. 

Exi’T. 80. Compare the volume of a pint of water with that 
of one and a quarter pounds of iron. Observe their masses, 
as determined by a balance, are equal, but their volumes very 
unequal. 

Exi*t. 87. Fill two equal flasks with water and methylated 
spirit respectively, and weigh. Show that the masses are 
different. 

We thus see that equal volumes of different substances have 
different masses. This truth is expressed by saying they have 
different densities. 

If we keep to the unit of volume, the numbers representing 
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the masses of this volume of the kinds of matter we experiment 
upon are a direct measure of the densities of these bodies. We 
can thus define it Density is the mass of a unit volume of 
a substance. It follows from this definition that if the volume 
of a body is multiplied by its density, wo shall obtfiin its mass 


volume X density = mass 


or density = 


mass 

volume. 


In using this relation between the volume and mass care must 
be taken to use the proper units. In all scientific work it is 
customary to adopt the cubic centimetre and gram as the units 
of volume and mass respectively. 

Density can be regarded in another way. It is clear that if 
we pack twice the amount of mass into a given volume we shall 
have doubled its density, so that density may be looked upon 
as the closeness with which a mass is packed into a given 
volume. 

When we use the cubic centimetre and gram as the units of 
volume and mass and apply the equation given above, the 
density of water at 4° works out to be 1 ; for all other forms 
of matter the number will be either a fraction or multiple of 
this value. 

Relative Density. — Hence the ratio of the weight of any 
volume of a substance to the weight of the same volume of water 
at 4° C. is equal to the absolute density of the substance, while, 
since the density of water only changes slightly with the tempera- 
ture, the ratio of the weight of the substance to the weight 
of water at temperatures other than 4'^ is a number very nearly 
equal to its absolute density. This ratio is the relative density 
of the body, or, as it is frequently called, the specific gravity.^ 

When relative densities are used, care must be taken to indi- 
cate the temperature of the water to which its weight is referred. 
Thus, relative density alcohol indicates the ratio of the 

weight of equal volumes of alcohol and water, both at 16"; 
while if we wrote it would indicate the ratio of the 

weight of any volume of alcohol at 15" to that of the same volume 
of water at 4". 

The student should carefully notice the difference between the 

1 The term specific gravity is so generally used in this sense that this meaning 
is here given. It is, however, preferable to restrict the term to its true meaning, 
i.«., the weight of unit volume, and to always use the term relative dcMity when 
the above ratio is meant. 
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meanings of the terms density or absolute density and relative 
de)is{ty : the first is dependent on the units of mass and volume, 
the second being merely, a numerical ratio does not vary with 
these units. 

Hydrostatic Method of Determining Relative Densities.— 

It has already been jaunted out, and illustrated })y exjjeriment, 
that eijual volumes of difterent materials liave difterent masses, 
which truth is exjiressed by saying that tliey have different, 
absolute densities. Again, the exj)eriments on the ])rinci])le of 
Archimedes have shown that some substances are heavier and 
some lighter tliaii an e(pial volume of water. Let us use the 
princijde to find exactly how much heavier or lighter certain 
substiinces are than an e(jual volume of watei*, that is, their 
retail re densities comj)ared with water as a sbindard. 

I’here are two numbers which we wish to determine : -(i)Tlie 
weight of the body of which the density is reejuired, i.e., its 
weight in air ; (ii) the weight of an ecjual volume of water. 

The first number can be obtained directly by hanging the body 
from a hook at the toj> of one scale pan, and then jdacing accurate 
weights on the other, until the weight of the l>ody is exactly 
balanced. This only re(iuires i>racticii to be able to accomjdish 
it with the greatest jirecision. To find the second number, a 
glass of water is placed ujxui a small j)latform (Fig. 41) so that 
the body under ex})eriment is immersed in it. The loss of weight 
then experienced is e(pial to the weight of iin ec^ual volume of 
water. This exj)eriment shows, therefore, the weight of the 
body and the weight of an equal volume of water. The ju'opor- 
tion ])etween these two numbers, that is, the first divided by 
the second, is the relative density of tlie body. For, 


Relative density = 


weight of substance 
weight of equal vol. of water 


And as 

loss (3f weight in water = weight of e(jual vol. of water 
we can put down 

Relative density = , ^b^ta^ce 

loss of weight in water 


Fxpt. 88. - Find by weighing, and determining the loss of 
weight in water, the relative densities of a halfpenny, a 
shilling, and a sovereign. 

Expt. 89. — Find, by the method of the jireceding experi- 
ment, the relative densities of tw^o or three common solids. 
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such as brass, sulphur, copper, zinc, lead, glass, coal, and 
flint. 

Expt. 90. — (1) Weigh a piece of cork. Cut a strij) of 
lead, or of other metal, sufficient to act as a sinker to 
the cork, and weigh it (2) in air and (3) in water. AtLach 
the cork to the lead, and find (4) the com})ined weight in 
water. 

Then from 2-3 you know the weight of the volume of 
water equal to the volume of lead, and from (1 + 2) - 4 the 
weight of the volume of water equal to the com])ined volume 
of the lead and cork, and hence the difference between these 
values gives the weight of the volume of water e(jual to the 
volume of the cork. 

Expt. 91. — Repeat the preceding exj)eriment with different 
kinds of wood and other solids which float in water, using a 
piece of lead as a sinker in each case. 

Expt. 92. — Weigh a glass stopper in air, then immerse it 
successively in water, turpentine, methylated spirit, olive (m 1, 
and petroleum, and notice the loss of weight in each case. 
The loss of weight experienced by the glass stop])er in each 
exj)eriment is ecpial to the weight of a i)ortion of li(juid of 
the same volume as the stopj)er. The numbers obtained 
therefore represent the weights of ecjual volumes of water, 
turpentine, methylated s])irit, olive oil, and 
jietroleum, and by dividing each by the 
number obtained in the case of water, the 
relative densities of the liciuids arc 
obtained. 

Determination of Relative Densities by 
Relative Density Bottle. — The method of 
determining the relative densities of li(piids 
])y means of tlie principle of Archimedes is 
an indirect one ; a simpler ])lan is to use a 
s])ecific gravity or relative density bottle. 
Such a Imttle (Fig. 43) consists of a small 

It is provided witli a nicely-fitting ground 
stojqjci’, which is in the form of a tube 
with a very small bore through it. It is used in determining 
the relative density of licpiids and powders. To use it, we must 
first know the weight of the empty bottle and stopper. The 



Fir;. 43.— A Reljttivc 
DoiiHity ;»r Hiiocific 
(Gravity IJottlc. 
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bottle is then filled with pure water, the stopper inserted, and 
the water which is forced through the hole in the stopper wiped 
ott’, and the bottle and its contents weighed. In this way the 
weight of water which just fills the bottle is found. If now we 
em})ty the bottle and carefully dry it inside and out, and fill it 
with the Ihjuid of which the density is reepured, say spirits of 
wine, and weigh again, we have the weight of the licpiid which 
just fills the bottle, or the weights of ecjual volumes of the 
Ihpiid and water, tlie proportion of which gives us the relative 
density of tlie licpiid. Instead of a Ijottle of this kind, a flask 
having a narrow neck around which a mark has been made may 
be used, or, any bottle with a vertical file mark made on the 
sto})per, will do. The weight of water which fills the bottle u]) 
to the mai*k may thus be compared with the weight of li(j[uid 
which fills it to the same mark. 


Exj^r. -Counter} )oise an em])ty s})ecific gravity bottle, 

or a flask having a mai‘k on its neck. Fill the flask iij) to the 
mark with methylated spirit and weigh it ; then em})ty the 
flask, dry it, and fill with water up to the same mark. Weigh 
again, and from the two weights find the relative density of 
the vS|)irit, remembering that 

weight of substance 

Relative density = 

Exi’T. 94. - Following the method of the previous ox])ori- 
meiit, determine the relative densities of two or three lirpiids, 
such as tur])cntine, milk, vinegar, beer, wine, sea- water or a 
solution of salt, and ink. 

Expt. 95. — Weigh out about 100 grams of shot. Fill the 
s|)ecific gravity flask tvith w'ater, and counterj)oise it together 
with the shot. Next i»ut the shot into the bottle, and remove 
the water disjdaced. Add weights until the index t>f the 
balance swings evenly. The weights added must eipial the 
weight of the water disidaced, that is, the weight of a volume 
of water equal in volume to the shot. Therefore — 


Relative density of the shot = 


W’eight of shot 
weight of water disjilaced 


Expt. IMJ. — Find by the method used in the j^receding ex- 
]>eriment the relative densities of such common things as tin 
tacks (which are really made of iron), bits of slate pencil, 
brass wire, and brass nails. 

»¥ 9 
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Determination of Relative Densities by a U-tube.— A 

gmj)hic niethod of showing the rehitive densities of liijuids is 
obtained by means of a glass tube bent in tlie form of a Uj 
therefore called a U"fi^be. 

E.vit. 07. - Cut otf two ])ieees of glass tube, each al)out 
;{0 cm. long ; e<»nnect the tubes with india-rubl)er tuluiig about 
18 cm. long, and fix them U])right u]K)n a strip (►f wood. Pour 
mercury into one of the tu})es until it readies a hnrizoiital line 
drawn a little aliove the junctions (Fig. 44). Now introduce 
water into one of the tubes by 
means of a ]>ij>ette, find notice tliat 
the mercury on which the wfiter 
i*ests is jiushed down ; ;iftorw;irds 
introduce sutiicieiit water into the 
other tube to liring the mercury 
back to its origiiifd level. The 
length of each column of water will 
be found the sfime. Repe.at the 
exi>erimeiit with vfirying fimoiints 
of Wfiter. 

The mercury in the bend of the 
U-tube evidently ficts fis a lifilfince, 
which enables us to bahince columns 
of dillerent li(]uidsin the upright arms. 

Fic -Jl.— Dctormiii.ition of Rc- 

hitivo Dcjiisities ])y a u-tubc. ExPT. 98.- Nearly fill OllC of the 

tulles wdth methylfited spirit, find 
bfilance it w ith w^ater intriKluced into the other tube. Measure 
the lengths of tlie two columns. 

As these two lengths of liijjuid balance one another it will be 
evident that the shoiter of the tw^o columns, namely, the wfiter 
column, has a greater relative density tlian the longer column. 

If a column of liipiid 40 cm. long balance fi similar column of 
water of half that length, would the li(j[uid be double or half as 
dense fis the water ? 

]iy thinking over this (juestion find the result of the exiieri- 
ments you will be able to understand thfit the densities of two 
liipiids balanced in a Ll'fi^^be are in inverse ])roj)ortion to the 
lengths of the columns ; in other words, the density of one 
liquid is less than the density of the other in proportion as its 
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column is longer than the Jtnhmcwg cf»hiiiin of the other. If 
w.ater is used in one of the tubes, you c.an determine t ht* relative 
density of Oie other li(juid as below. 

Density of sj)irit ; density of wattu* : : water C(»lumn : sjurit 
column. 

Therefore relative density of spirit = column 

s])ii*it column 

Hare’s Apparatus for Determination of Relative Densities. 

— A convenient arrangement to use instead of a, to deter- 

mine the relative densities is represented in Fig.45, and is known 
as Hare’s a})paratus. Two straight glass 
tubes ai’e connected at the top by a thi ee- 
way junction, upon the unconnecte<l end 
f)f which a piece of india-rubber tidung is 
placed. The lower ends of the tubes dip 
into 1 leakers containing the li<|uids the 
relative densities of which have to lie 
determined. By applying suction to tlio 
free end of the rubber tube, the two 
liipiids are drawn up the glass tubes, and 
the heights of the Ihpnd columns aliovo 
the level of liipiids in the beakers will be 
inversely proportional to the relative 
densities of the Ihiuids employed. The 
princi])le is thus precisely the same as 
that of the UdAibe, Initby iLsing the form 
of a])paratiis here described, the relative r..- ii:ircV Mitho.! 

densities of liquids which mix can be more Dt nsiu. 

conveniently found than by the ordinary (J tube in which the 
]i((uids have to lie jxmred. 

Results of Accurate Determinations of Relative Densities. 

— When exact determinations of relative densities are made, it is 
necessary to take into consideration the fact that the density (»f 
water varies wdth the temperature, for reasons which w ill be 
understood later. The following table shows the relative 
densities of a number of solids and liquids : — 
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Table of Relative Densities. 


Solids and Licjuids at 0^ 0. compared with water at 4^ C. 


So(i(h. 

Platinum (rolled) 22*069 
Gold (Ktam])cd)...19*362 
Lead (cast) .... 11 •.‘152 

Silver (do.) 10*474 

Copper (do.) 8-788 

Steel (not ham- 
mered *7 '816 

Iron (cast) 7*207 

Heavy spar (])a- 
rium sulphate) 4*430 

Diamond 3*531 (varies) 

Marlde 2*837 


Rock crystal 2*653 

Anthracite 1 *800 

Coal (comj)aet) 1 *329 

Melting ice 0*930 

Oak 0*845 

Cork 0*240 

Liquids. 

Mercury 13 *.598 

Bromine 2*96 / 

Sea- water 1*026 

Distilled water (4 (^)... 1*000 

Olive oil 0*915 

Alcohol (absolute) 0*793 


Relative Density of Gases. — The density of a gas is not 
compared with that of water as a sLiiidard, because the number 
which would be obtained by such a com])aris(m would be so 
exceedingly small. The sLindard density adoj)ted is that of the 
gas hydrogen, which is the lightest form of matter known. The 
densities of other gases will in every case therefore be greater 
than unity. To find the density of a gas, all that it is necessary to 
do is to weigh a flask filled with j)ure dry hydrogen under certiiin 
conditions of temperature and ju'essure {see (finq). VIII), and then 
to weigh the same flask filled with the gas of which the density is 
rec^uired under the same conditions of temperature and pressure ; 
the number of times the g;is is heavier than hydrogen is the 
number repre.senting its density. There are several important 
precautions which have to be adopted, but for an account of 
these we must refer the student to works (Ui chemistry. 


Relative Den 


STTIES OF Gases. 


Hydrogen 

1 *0 

Nitrogen 

13*9 

Oxygen 

15*9 

Chlorine 

.‘15*2 

Ammonia 

8*45 

Steam 

8*95 

(>arbon monoxide 

13*90 

Carbon dioxide 

21*85 
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Chief Points of Chapter VII. 


Principle of Archimedes. -When a l»o<ly is suhinerged in a liquid, 
it loses w eight e({nal to tlie weight of the liqni<l displaced hy it. 

Expressed did’ercntly, the upthrust experienced }>y an object in 
water is equal to the weight of the water displaced. 

"IMie TUind)er of cubic centimetres in an object is also the number of 
(jubic centimetres of water displaced by such an olqect wdien it is 
immersed in w'ater. 

Flotation. — When a rod is floate<l in water the w’eight of the 
whole of it is equal to the weight of the liquid displace<l by the 
portion of the rod immersed. 

Applications of the Principle of Archimedes. — This principle, we 
have seen, explains wdiy an iron ship can float and why balloons will 
rise in the air. 

Density. — E(iual volumes of different substances have different 
masses. 

Ah-^ohitf. is the mass of a unit volume of a substance. 

JUlaiii'e density or spf cifir yrarify is the ratio of the weight of any 
volume of a substance to the weight of an equal volume of water at 
temperatures other than 4° C. 


Relative density 


w’eignt of substance 
weight of e<pial \ olume of water’ 


Relative density = , siil'stanee 

loss of weight in water 


Relative Density or Specific Gravity Bottle. — This is a small glass 
flask hohling about 50 grams of w ater. It is provided with a nicely- 
fltting ground stopper, w'hich is in the form of a tube w ith a very 
small hole through it. Its use depemls upon the first of the precetl- 
ing equations. 

Balancing Columns of Liquids. — The densities of two liqui<ls 
balanced in a U-tube are in inverse proportion to the lengths of the 
columns. Or, the density of one liquid is less than the density of 
the other in pro]>ortion as its column is longer than the balancing 
column of the other. 

. T> w 1 r T 1 water column 

. . Relative density of a liquid = • 

lujuiil column 

Hare's Apparatus. — Two straight glass tubes are connected at tbe 
top by a three-way junction, upon tlie unconnected end of w Inch a 
j)iece of india-rubber tubing is placed. 1’he low^er ends of the tubes 
dip into beakers containing the liquids the relative densities of 
which have to be determined. By applying suction t-o the fiee end 
of the rubber tube the two li(]uids are draw n up the gla.ss tubes. 
The heights of the liquid columns are inversely pixiportional to the 
relative densities of the liquids. 

Relative Density of Gases. — (1) Find the weight of pure <lry 
hydrogen which fills a flask under known conditions of temperature 
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and pressure ; (2) find tlie weight of an equal volume of gas uruler 
the same conditions. Then 


Relative density of gas 


observed weight of gas 
observed weight of hydrogen* 


Questions on Chapter VII. 

1. State the principle of Archimedes. Describe an experiment 
which illustrates the principle. 

2. What determines the distance to which a rectangular wmoden 
rod will sink when floated in a jar of water? 

3. Describe an experiment to prove that when a rectangular 
block of w’oorl is floated in w'ater the weight of the w’ater 
displaced by tlie portion immersed is equal to the w^eight of the 
whole block. 

4. Give a few a])])lications of the jirinciple of Archimedes. 

5. Carefully distinguish between tlie following terms density, 
absolute density, relative density. 

6. Give a detailed description of the hydrostatic method of deter- 
mining relative densities. 

7. A glass stopper is w'eighed in air and then immersed succes- 
sively in water, beer, milk, and vinegar, and the loss of weight 
noticed in each case. Explain how you would proce(id to calculati* 
the relative densities of each of the liquids from thes(5 observations. 

8. How is the relative density of a liquid determined wuth a 
spccnfic gravity bottle ? 

9. Explain a simple method for ascertaining the relative density 
of small sliot or tin -tacks. 

10. Reing pi’ovided wdth two pieces of glass tube and a piece of 
india-rubber tubing, explain how you would proceed to (i) com- 
pare the relative densities of olive oil and spirits of wine, (ii) ascer- 
tain the relative density of a specimen of milk. 

11. Describe the instrument knowm as Hare's apparatus. What 
advantages accrue from using it to deteiinine tlie relative densities 
of liquids. 

12. A piece of iron, weighing 275 grams, floats in mercury of 
density 13‘59 with f, of its volume immerstid. Determine the 
volume and density of the iron. 

13. The specific gravity of brass referred to water is 8; taking 
the mass of 1 cubic; foot of water as ],(MjO ounces, find tlie density of 
brass in ounces to the cubic inch. 

14. A cylinder whose base is a circle 1 foot in diameter, and 
whose height is 3 feet, weighs 10 lbs. Calculate its density, assuming 
1 cubic foot of water to weigh 62 ’5 lbs. 

15. Of two bodies one has a volume of 5 cubic inches, the other of 
one-fifth of a cubic foot ; in a perfectly just balance the former 
weighs 15 oz., the latter 12’8 lbs. What is the ratio of the mass of 
the first to that of the second, and what is the ratio of the density of 
the first to that of the second. 

16. If 100 cubic inches of oxygen (under certain circumstances of 
pressure and temperature) weigh 35 grains, and a cubic inch of 
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mercury weigh *49 lbs., how many cubic inches of oxygen would 
contain the same quantity c)f matter as a cubic inch of mercury ? 

17. In a certain state of the atmosphere 100 cubic inches of air 
weigh 31 grains ; at a temperature the same as that of air 30 cubic 
inches of mercury weigh 14 '88 lbs. Find the number of cubic inches 
of air which contain as mu(;h matter as a cubic inch of mercury. 

IS. If 28 cubic incihes of water weigh a pound, what will be tlie 
specific gravity of a substance, 20 cubic inches ()f which weigh 
3 lbs. 

19. The volume of A is 3 cubic feet and its mass is 4 cwt. ; the 
volume of B is 24 (jubic. inches and its mass is 35 oz. Find the ratio 
of the density of A to the density of B. 

20. Describe a method of determining the specific gravity of a 
liijuid. 

21. Describe the method of determining the specific gravity of a 
body by weighing it alternately in aii* ami water. 

If a body weighs 14*4 grams in air and 12 grams in water, what 
is its specific gravity ? 

22. Explain what is meant by specific gi avity. A body of specific 
gravity 5 weighs 20 gr ims in air ; what w'ill the body weigh when 
immei'sed in w’ater ; 

23. How’ w’ould you determine the volume of a pebble in cubic 
centimetres ? 

A number of nails are di*iven into a rough piece of wf>od, one 
cubic centimetre of w’hich weighs 0*5 gram. It is required to find 
the weight of tlie nails without pulling them out. How’ could this 
be done by experiment ? 

24. A covered tin canister having a volume of 88 cubic centi- 
metres contains just enerngh shot to sink it to the top of the cover 
when placed in cold water. Determine fiom this information 

{(t) The weight of the canister and .shot. 

{h) The w’eight of the w'ater displaced by the canister. 

25. Define mass, volume and densit}’, and state the relation that 
exists betw'een the.m. 

Suppose you were given twm irregular pieces of metal, one of w hich 
w^as gold and the other gildtul brass How' w ouhl you find out by 
a physical method which piece was goM ? 

20. E.xplain why a ship made of iion w ill float in water, though 
iron it.self is heavier, bulk for bulk, than water? 



CHAPTEH VTTI 

ATMOSPHERIC PRESSI^RE AND BOYLE’s LAW 

SuRROUNDiNc the earth in every latitude, over land and sea, 
is a gaseous envelope which is spoken of as the air or the atmos- 
phere. Its presence when at rest is un[)erceived, though in 
motion it hecomes apparent, since, by imparting its velocity tc» 
trees and other bodies free to move, it affords a demonstration 
of its existence. The student has already learnt to regard it as 
a form of matter, and as conse<{uently possessing wxdglit. The 
following experiments sup])ly sufficient evidence of its existtuice 
and of its w^eight. 

Exi»t. 99. — Invert a so-called cm/)/?/ bottle under water in 
the pneumatic trough. Notice the bubbles which rise as tlie 
w^ater flows inU? the bottle. The water displaces tlie air wdiich 
thus becomes apparent. 

Expt. 1(K). — Move quickly across the room wdth a drawing 
))oard ill your hands. First hold the lioard “ end on ” and then 
“ liroadside on.” Notice that in the first case little or no 
resistance is felt, while in the second, one’s motion across the 
ro(?m is considerably imjieded. 

Weight of the Air. — It is easy to Jirove by direct experiment 
that the air has weight. 

Expt. 101. — Fit a one-holed india-rubber stoj)per into a 
fairly large glass flask, and fit into the stojiper a short tube w ith 
a stop-cock upon it (I’ig. 46). Put a little water in the flask ; 
ripen the stop-cock ; and boil the water. After boiling for a 
little time, turn off the tfij> and place the flask on one side 
to cool. When the flask is cool, weigh it, or counterpoise 
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it. Tlien open the stop-cock ; air will he heard to rush into 
the flask, and as it does so the balance will show an incre/ise of 
weight. 

If the air is completely removed from a flask hy means of an 
air-})iim}), the diffeixaice in the weighings, before and after, will 
provide the exact weight of 
a given volume of air. Thus 
if the vessel has a cHj)acity 
of a cubic foot the difierence 
of weight will be found to 
be nearly an ounce and a 
(piarter. 

Pressure of the Atmo- 
sphere. — It has been seen 
that it is a ])roperty of all 
fluids that they communicate 
pressure in all directions, 
and conse(juently it is a char- 
acter of air. It is a con- 
se(pience of this fact that 
W’e are able to move about 
(juite freely in sjiite of atmo- 
spheric ]»ressure. ( )ur liodies 
are subjected to an eimr- 
mous pressure due to the 
whole Aveight of the atmo- 
sjfliere above us, and yet we 
are (piite ignorant of it, at 
all events under ordinary 
circumstances. Why is this ? 
rht‘ lungs w'hich till uj» a friTirniiiiyHiiiiiyiiiiiiiniininm 
<llgC pait of oui chest Fig. 4«» —Experiment to sluw that Air has 
capacity are inflated with Wei^flit. 

air, and other inside ])arts of 

the body are similarly in free communication Avith the atmo- 
s])liere. The inside air is under just the same ju'essure as 
that outside, and consetpiently there is an exact compensiition, 
and we are not crushed, as the stuilent Avill perhaps ha\ e expected 
we ought to be. 

Exrr. 102. — Procure a thin tin can having a neck, into 
which fits an india-rubber stopper. Take out the stopper aiul 
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boil a little water in the can. After the water has been boil- 
ing for some time, so that the cfin is practically filled with 
steam, remove the can from the flame, and (quickly ]mt in the 
stopper as tightly as yon can. After a few minutes the can 
will collapse. 

The explanation of the effect produced in this experiment is 
that as the can cools the steam inside is condensed into 
water, and so occupies a much .smaller volume. The j)ressure 
which the steam exerts on the inside of the can is thus re- 
moved, while the pressure of the air on the outside remains 
practically the same, the result being that the can is crushed. 
At the sea-level, under ordinary conditions, the pressure of the 
air is 15 lbs. on every sfpiare inch. 

The following experiments also illustrate effects of atmosjiheric 
pressure * — 


Exit. 108. — Moisten a leathern sucker, press it upon a 
flat stone, and show that it can only be pulled oft* with 
difliculty, owing to the pressure of the atmosphere upon its 
upper surface. 

Exit. 104. — Dip the open end of a glass syringe or squirt 
into a bowl of water. Pull u[) the j>iston, and see that the 
water follows it, owing to the pressure of the atmosphere 
ujion the surface of the water in the bowl. The action of a 
pump is very similar to this. 

Expt. 105. — Take a tumbler or cylinder with ground edges 
and com})letely lill it with water. Place a piece of stout 
writing paper across the top and invert 
the vessel. If the air has been care- 
fully excluded from the cylinder the 
water does not run out (Fig. 47). Think 
what keeps the paper in its place. 

Principle of the Mercurial Baro- 
meter. — It has been seen that the air has 
weight, and that it exerts great pressure 
Fin. 47.— Experiment to on the earth’s surface ; we have now 
i!f the Atraosphe^^ leam how this pressure is measured. 



Exit. 100. — Procure a barometer 
tube and fit a short piece of india-rubber tubing upon its open 
end. Tie the free end of the tubing to a glass tube about 
six inches long open at both ends. Rest the barometer 
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tube with its closed end downwards and pour mercury into 
it (being careful to remove all air bubbles) until the licpiid 
reaches the short tube. Then fix the arrange- 
ment upright as in Fig. 48. 


The mercury in the long tube will lie seen to 
fall so as to leave a space of a few inches between 
it and the closed end. The distance l)etween the 
to}) of the mercury column in the closed tube 
and the surface of that in the ojieii tube will be 
found to be about thirty inches. 

The instrument used in Expt. lOf) is evidently 
similar to a U"tul)e. Iteferring to Fig. 48, it is 
clear that there is a column of mercury supported 
by some means which is not at first a])])arent, or 
else t he mercury would sink to the same level in 
the long and the short tube, for we know that 
li(|uids tind their own level. If a hole were made 
in the closed end of the tube this w(Uild im- 
mediately happen. There will be no ditHculty 
from wliat has been already said, in understand- 
ing that the column of mercury is ke])t in its posi- 
tion by the weight of the atmosjdiere juessing 
upon the surface of the mercury in theslnu’t open 
tube. The weight of the column of mercury and 
the weight of a column oi the atmosphere with 
the same sectional area is exactly the same ; both 
being measured from the level of the mercury in 
the short stem of the apparatus shown in Fig. 
48, the mercury column to its u]>per limit in the 
long tube, the air to its upper limit, which, as will 
be seen, is a great disbince from the surface of the 
earth. If for any reason the weight of the atmo- 
sphere becomes greater, the mercury will be 


) lushed higher to preserve the balance ; if it should 
become less, then similarly the amount of mercury 
which can be supported will be less, and so the 
height of the column of mercury is diminished. 


Fu!. 4S.- Toox- 
pliuii the Priii- 
eiplc i>f the 
Jiiiroiuetcr. 


The height must in every case be measured above the level of 


the mercury in the tube or cistern open to the atmosjihere. In 


the arrangement shown in the accompanying illustration, a line 
is dniwn nt. « fixiMl iu»iiit (). and the short tube is shifted up or 
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d(^wn until the to}) of the mercury in it is on a level with the 
line. 

Tlie student will now understand why it is so necessary to 
rmnove all the air l)u})bles in Ex])t. lOO. If this Avere not 
done, when the tube was inverted the enclosed air would 
vise tlirough the mercury and take u}j a j)osition in the to}) of 
the tube above the mercury. The reading would not then be 
thirty inches, for instead of measuring the whole })ressure of the 
atmos})here, Avhitwe should refilly be measuring would be the 
dilierence between the })resbure of the Avhole fitmos})here and 
that of the fiir enclosed in tho tube. In a })roperly constructed 
bfirometer, therefore, there is nothing above the mercury in the 
tu})e excc})t fi little mercury va})(>ur. 

An arrangement like that described constitutes a baxometer, 
Avhich Ave cfiii detine fis an instrument for measuring the 
pressure exerted by the atmosphere. 

Exit. 107. — The }»receding ex})criment will have shown yon 
thfit ;iir pressing u})on the surface of the mercury in the short 
open arm of the IJ'tulfe will ])alance a long column of merciny 
in the closed arm. Slip a })iece of india-rubber tubing u})on 
the o})en end and notice Avhfit ha})})ens when you blow shfir})ly 
into it. Suck air out of the tube, and observe the result. 

These ex})erimeiits show you the eltect of increfising find di;- 
crefising the pressure upon the free surffice of the mercury. 
Hoav will the height of the mercury column be effected (1) if the 
})ressure of the fiir decreases, (2) if the })ressure of the ;iir 
incrcfises ? 

Weight of Column of Atmosphere.— The following is another 
form of tlie ex})eriment to show atnios}>heric })ressure l>y mefins 
of a barometer. 

Exit. 108.— Procure fi thick glass tube about 30 indies 
long and closed at one end. Fill the tube with mercury ; 
})lace your thumb over the o})en end ; invert the tube ; })lace 
the o})en end in a cu}) of mercury and take away your thumb. 

A column of mercury will be su})])orted in the tube by the 
pressure of the atnu)S})here. The distance between the to}) of 
the column and the surface of the mercury in the cup will be 
about 30 inches, or 70 cm. when the tube is vertical (Fig. 40, h), 
Tr ia innliiiml Kn that the closed end of it is less than 
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this height above the mercury in the cup (Fig. 49, c) the 
mercury fills it completely ; and if the tube is less than 30 inches 
long, it is also filled by the mercury (Fig. 49, a). On an average 
the atmosj)here at sea-level will balance a column of mercury 
30 inches in length. No matter if the closed tul)C is 30 feet 
long, tlie top of the mercury column will only })e about 30 
inches above the level of the mercury in the cistern. 


Exi*t. 109.- Weigh the column of mercury sustained in the 
tube and measure the diameter of the tube. The area of the 
bore can then 
be found (area of pb 

circle — radius | 


X 31). Calcu- 
late from these 
ol )servations the 
weight of a co- 
lumn of air on 
any given area. 

If the tube had 
a bore with a sec- 
tional area of ex- 
actly one sijuare- 
inch, there would 
be 30 cu])ic inches 
of mercury in a 
column 30 indies 
long ; and since 
a cid)ic inch of 
mercury weighs 
about half a . s’ « wr ' r , - , I 
pound, the whole Fi«;. 41>.-Height of Mcmny in liarumctci-. 

column would 

weigh 15 lbs. This column balances a column of air of the same 
urel, so that wo liiul that the weight of a coluiun of air upon 
an area of one square inch is 15 lbs. when the barometer stands 

at 30 inches. 

Mercury a Convenient Liquid for Barometers.— The use of 

mercury for barometers is a luattei’ of convenience. Since tlic 
column of mercury wliicli the atmosiihere is able to support is 
30 inches hiirh. it is clear that, as water, r.</., is 13 O times as 
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light Hs mercury, the column of water which could be supported 
would be 30 x 13 'O = 408 inches = 34 feet, which would not be 
a convenient length for a barometer. The length of the column 
of glycerine which can be similarly suj)ported is 27 feet. But 
in the case of lighter licpiids like these, any small variation in 
the weiglit of tlie atmosphere is accompanied witli a much 
greater alt(‘ration in the level of the column of licpiid, and in 
conse(j[ueiice it is possible to measure such variations with much 
greater accuracy. For this reason bjirometers are sometimes 
made of glycerine. There is one in the Western Galleries of 
the South Kensington Museum, wliich the student could see at 
any time. 

Pressure of the Atmosphere at Different Altitudes.- Tlie 
atmosj)here being a material su])stance, the longer the column of 
it there is above the barometer, the greater will be the weight of 
that column, and the greater the pressure it will exert upon the 
mercury in the barometer. Hence, as we ascend through the 
atmosphere with a barometer, we reduce the amount of air above 
it pressing down upon it, and in consecpience the column of 
mercury the air is able t-o support will be less and less as we 
ascend. On the contrary, if we can descend from any ])osition, 
e.f/., down the shaft of a mine, the mercury colunui will be 
pushed higher and higher as we gradually increase the length of 
the column of air above it. Since the height of the column of 
mercury varies thus Avith the i)osition of the barometer, it is 
clear that the variation in its readings supplies a ready means of 
ascertaining the heiglit of the place of observation above the 
sea-level, ju’ovided we know the rate at which the height of the 
barometer varies with an alteration in the altitude of the place. 
The rule which expresses this relation is not a simple one, but 
for small elevations it is said that a rise or fall of one inch in tlie 
height of the barometer corresponds to an alteration of 900 feet 
in the altitude of the barometer. 

Relation between Volume and Pressure of a Gas.- Boyle’s 
Law. — Before we can projierly understand how and why the 
density of the atmosphere varies, it is necessary to become 
acquainted with the rule exjiressing the relation between the 
volume and ])ressure of a gas. A convenient and efficient 
arrangement for determining this relation is represented in Fig. 
50, and it has the merit of being easily constructed with the 
materials which should be found in every physical laboratory. 
A burette. A, is fixed to an upright stand by means of wire or 
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small brass clamps. Upon the h>\ver end a piece of thick india- 
rubber tubing is firndy tied. The tubing is also tied upon one 
end of a three-way piece, IL A long glass tube, 0, connected 
with another end of tlje three-way junction is su])])orted upon 
the sbxnd side by side with the burettes To the third end of 
the junction a long ])iece of rubber tubing, D, is fixed, and at 
the top of this a large funnel or bottle, E, with the bottom cut 



Fid. GO.—- Ai)iiaratus to .show the Jtclatioii hctwocii the* volimio aiid Pressure 
of a (ills. (Hoyle’s Law). 


off’, is tied. The use of this apparatus will be seen by the follow- 
ing experiments : — 

Expt. 110. — Open the stop-cock of the burette. Pour mer- 
cury into the bottle until its level is about half-way up 
the burette. Tliis mercury is evidently at the same level 
in the burette, hmg glass tube, and rubber tube, and tlie 
air in the burette is at the pressure of the atmosphere. Now 
close the stop-cock. We have enclosed a given volume (ff air, 
which is indicated by the length of tube it occupies. Pour 
mercury into the bi^ttle until the bottle is nearly half full. 
By lifting or lowering the bottle the level of the mercury is, 
of course, varied. Move the bottle until the diff'erence be- 
tween the level of the mercury in the burette and in the 
straight glass tube is 30 inches, or whatever is the reading of 
the barometer at the time of the experiment. 

I 
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Measure the length of the air column which is now subjected 
to a pressure ecjual to two atmospheres, and notice that it is one- 
half of the original volume. That is, by doubling the pressure 
we have halved the volume. 

Repeat the experiment with the bottle at any height, and 
when the apparatus has cooled down measure the difference in 
the levels of the mercury in the two tubes and also the length (jf 
the air column. 

Boyle’s Law. — If we multiply the tobd pressure (obtained by 
adding the height of the barometer to the difference in level of 
the mercury in the burette and the open tube) by the volume 
of the air we shall notice that the result is always the same. 
This relation was discijvercd by Boyle, and is known as Boyle’s 
Law. It can be exj)ressed by saying that when the tempera- 
ture remains the same, the volume of a given mass of gas 
varies inversely as its pressure. f)r, what is the same thing, 
the temperature remaining the same, the product of the 
pressure into the volume is constant. 

Expt. 111. — Perform several experiments with the Boyle’s 
Ijfiw apparatus, observing in each case (o) the volume occupied 
by the air in the burette, (h) the difference in level between 
the mercury in the clo.sed burette and the o])en tube, or 
“ head ” of mercury. Tal)ulate your results thus : — 


“Head” of 
Mercury. 

Height of 
Baroiiieicr. 

Total PrcHsuru 

in 

Vohnuo 

Air ill 
Jiiirette 

(V). 

(P X V). 



1 

1 


When the air occupies less volume than it did before the stop- 
cock was closed it is evidently under a j)ressure greater than 
that of the atmosphere ; when it occupies a greater volume it is 
under a pressure less than that of the atmosphere. In either 
case, however, the j)ressure to which the air is subjected multi- 
plied by the volume it occupies gives a constant product. But in 
performing the above experiment at pressures less than that 
of the atmosphere, the difference between the heights of the 
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mercury in the oj)en and closed tubes must be subtracted from 
the barometric height and not added to it. Why ? 

Application of Boyle's Law to the Atmosphere.— It has 
been learnt that if we increase the V(»lume occuj)ied by a given 
mass of a substance we decrease its density, or if we decrease 
its volume we increase its density. Therefore, we not only 
alter the volume of the enclosed air in the two preceding experi- 
ments, but we also change its density. Increase of density and 
increase of ])ressure are proportional to one another. It is not 
ditticult to a})]>ly these facts t<> the case ()f the atmosphere. 
We have learnt tliat tlie ]>ressure of the atmosphere decreases 
as we ascend, and we are now able to add that its density 
decreases also and at the same rate. Therefore tlie densest 
atmos[)here will be that at the surface of the earth, leaving t)ut, 
of course, the air of mines and other cavities ])elow tlu‘ surface, 
where the air wdll be denser still. The air gets less dense or 
rarer as we leave the surface, until eventually it becomes so ran? 
that its e\istenc(i is ])ractically not discernible. 

Chief Points of Cit after VIII. 

Determination of the Weight of Air.— This is done by weighing 
a stopi)ered flask (l)fiill of air, (t?) after the air has been diiven 
out. The diflerenee of weight is the w^eight of the air which tilled 
the flask. 

Pressure of Air. — In c(mse(|uence of its weight, air exerts pressure. 
On the earth's surface, under ordinary conditions, the j)ressiire of 
the atinos])here ecjuals 15 lbs. per s<juare inch. 

A Barometer is an instrument used to measure the pressure of the 
atinospheie. 

The Principle of the Action of a Mercurial Barometer. — The column 
of mercury balances a column of air extemling from the surfaca* of 
the mercury in the cup to tlie limits of the atmosjihcae. "J'lie action 
is therefore analogous to balancing columns of ditferent li(piids in a 
U-tube. 

Some Points referring to Barometers. —( 1 ) Menmry is the licpiid 
usually employed because it is the heaviest lupiid known, is not 
very volatile, is easy to see, and does not wet the tube. (2) W'ater 
and other licjuids can be used in the construction of harometers, hut 
these barometers recpiire to be longer in order to hold the longer 
liquid columns recpiired to balance the atmospheric pressure. (3) If 
a Clack or a hole is made in the top of a harometc]*, aii* enters 
through it, and the mercury column falls to the level of the liquid in 
the cup. (4) The h(;ight of the column of mercury is about 30 
inches at sea-level, hut it varies from time to time on af count of 
variations of atmospheric pressure. 

I 2 
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Pressure of the Atmosphere at Different Altitudes. — 


Altitude. 

Sea-level 
6.1 miles 


Height of 
Barometer. 
iiKjlies 

LI „ 


Pressvre in 
lbs. per sq. in. 



Boyle’s Law.— Wlien the temperature remains the same, the 
volume of a given mass of gas varies inversely as its pressure. 

Or, the temperature remaining the same, the produol of the 
pressure into the volume is constant. 

Boyle’s Law applied to the Atmosphere. — When tht; temj>erature 
remains the same, the volume of a gas varies inversely as the pr(;s- 
sare. If a cuhie foot of air at sea-level, where tlie pimsure is IT) Ihs. 
pe?’ squaT'e inch, were taken up to a heiglit of 3^ mil(‘S, wliere the 
pressure is one-half, viz., 7i lbs. per square inch, it would expand to 
two culn'e feet. 


Questions on Chapter VIII. 

1. How can it be proved that tlie air has weight? Illustrate your 
answer by a few simple experiments. 

2. Given a gl{iss tube 82 inches long, closed at one end, a bottle 
of mercury (quicksilver), and a small cuy. vState how you procecid 
(a) to con.struct a barometer, and {b) to show the readings of tliis 
barometer. 

3. (a) State the average height of the mercury in a baromettT at 

the sea-level and at the top of a mountain 3^ miles high. 

(b) What is the cause of the difference in the height of the 
mercury column ? 

(r) What do you know concerning the condition of the upper 
layers ()f the atmosphere ? 

4. Describe the construction and use of an ordinary mercurial 
barouKiter. 

5. How can the weight of air be determined ? In what way is 
the pressure exercised by the atmosphere on the earth’s surface in 
conse(juence of its weight, stated ? How is it that we are aide to 
move about under the weight of the atmosf)here ? 

6. Explain the child reasons why mercury is the liijuid usually 
employed in the construction of barometers. 

7. State the principle on which the action of a mercurial baio- 
meter depends. Why is a water barometer longei* than a mercurial 
barometer ? What occupies the space above the mercurial column 
in the latter instrument ? If a hole were bored through the glass 
above the column of mercury, what w'ould happen ? 

8. (a) Why does the mercury stand higher in the tube than in the 

cup of a barometer ? 

(b) What is the average height of the mercury in a barometer 
tul)e at the sea-level ? 

(r) Why does the height varj' from time to time ? 

(d) Why is the barometer regarded as a “ w'eather glass ” ? 
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9. If y(»\i ascended to the height of miles in a balloon, eai-rying 
a barometer, state — 

{a) The in<lieation which would be given by the barometer. 

{(>) Your explanation of this. 

10. State Boyle's Law. Describe an experiment w'ldch demon- 
strates the truth of the Lw. 

11. What volume would the quantity of air which fills a spa(;e of 
a cu])ic foot at the sea-hivel oecaipy if carried to a lieight of JP, miles? 
Ex]>lain this alteration in volume. 

1*2. What wamld be the effect on the height of the mercury 
column if an orilinary barometer were carrietl dowm a deep 
mine ? 



CHAPTEll TX 

WORK AND ENRKCIY 

Work. — Newton’s lirst law of motion teaches us that a l)o(ly 
at rest is only set in motion hy the action of a force upon it, anti 
also that a moving body only changes tlie direction t)f its motion, 
or its speed, as the result of the action of a force. When a body 
moves from rest the continued action of the force upon it causes 
an acceleration in the body. 

In the case of a body already moving, though we have every 
right to argue that a change of direction or a change t)f velocity 
is the result of an external force, wo cannot apply the converse 
sbitement and say that an external force acting upon a moving 
l)ody causes a change of direction or of velocity, for in some 
instances the force may be entirely occupied in maintaining 
such motion in opposition to other forces acting uj)on it. Thus, 
when a ship is sailing wdth a uniform speed, the force of the 
wind is exhausted in maintaining this velocity by overcoming the 
resistance of the water. 

When a force acts in either of these ways it is said to do work, 
that is, work is done by a force in setting a body at rest into motion 
and giving it a regularly increasing velocity, or by maintaining a 
uniform motion in op])osition to the action of other forces. We 
may class all these forces acting in ^)})]>osition to the force which 
is being considered under the inclusive name of resistance. 

We shall thus obtain for our definition of work the following 
statement : Work is done by a force, either when it acts 
upon a body producing an acceleration in its velocity, or 
when it maintains a uniform velocity in a body in opposition 
to resistance. Or, more briefly, Work is done when the 
point of application of a force moves. A little consideration 
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will convince the student that all instances of mechanical con- 
trivances, by means of which work is accomplished, come within 
the sco])e of our definition, as well as all other cases when we 
say in ordinary language that work is done. Take, for instance, 
a horse drawing a heavy weight along a road. Here the force 
exerted by the horse is used up in overcoming the resistance 
due to tlie road. A man raising a mass from the ground over- 
comes tlie resistcince due to the body’s weight. A body falling 
from a heiglit under the influence of the earth’s attractive force 
has work done u})on it, with the result that its velocity increases 
according to a uniform acceleration of 32*2 feet per second in 
every sec<»nd. 

Measurement of Work.— Referring to our definition of work 
it w«)uld seem as tliough we had two kinds of work to measure, 
viz. , the work of aerderof ion and the toor/c offo i nd resisio nre. But 
since we can make a force perform either of these kinds of w^ork 
according to the condition undef wdiich it acts, it is possible to 
measure either of them in the same units. An example will 
make this clearer. We can either allow a mass to drop from 
the hand and to move freely through the air wdth the uniform 
acceleration we have mentioned above until it reaches the ground ; 
or wo Ciin attach the mass to a string, pass the string over a 
cylinder, and allows it to move tow'ards the earth w*ith a small 
uniform velocity — a result wdiich can be ])rought about by 
aj)plying the necessjiry friction between the cord and the cylinder, 
tliat is by applying a resistance. The final result brought about 
is the same under both sets of conditions ; but in the first case 
the work is of acceleration, while in the second it is w'ork against 
resistance. 

Unless there is motion no UHjrk is done. If w e put a w eight 
U])on a tiible or shelf, so long as the weight remains in one place, 
it evidently does no work, though it is capable of doing w ork 
by reason of its elevated position. 

For practical purposes the unit of w*ork wdiich is adoj)ted is 
the UHtrk done in rdisinfj the mass of one pound through one 
foot, and it is called the foot-pound. This is not a strictly 
constiint unit, for it wdll be evident, in the light of what has 
been said about the weight of a body, that where the weight 
is greater the amount of work done will be greater. The 
unit of wM)rk will vary slightly in diftereiit latitudes in a 
precisely similar manner to that in w Inch the w eight of a mass 
varies. 
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It will have been noticed that the qiic^stion of time does not 
enter into an estimation of the amount of work done. It is 
manifest that the same (quantity of work is accomplished whether 
a day is spent in raising a weight to a given height from the 
ground or only a minute. If we introduce the time taken to 
j)erf()rm the work we begin to consider what is called the power 
of the agent. We should measure this power by the quantity of 
work the agent can perform in a given time ; or power is the rate 
of doing work and is measured by the work done in a second. 
Thus, engineers use the expression horse-power, by which they 
mean the rate at which a good horse works. James Watt 
estimated this at 33, (KK) foot-pounds per minute, or 550 foot- 
pounds a second. 

Generally, then, to find the amount of work performed by 
any force, we multiply the value of the force (ex])ressed in 
suitable units) by the space through which it acts (using the 
corresponding unit in measuring this quantity also). The follow- 
ing simjde a])plicatioii of the rule will familiarise the student 
with the method for emidoying it : — 

How much work is done when an engine weighing 12 tons 
moves a mile on a horizontal road, if the total resistfiiice is e(j[ual 
to a retarding force of 10 lbs. weight per ton ? 

The total resistance ecjuals 12 x 10= 120 lbs. weight, the dis- 
tance traversed is 5,280 feet. 

Work done = (120x5, 280) foot-pounds. 

Energy.— By the energy of a body we mean its power of 
overcoming resistance or doing work. All mo\ing liodies 
possess energy. Moving air or wind drives round the sails of a 
windmill and so works the machinery to which the sails are 
attached ; it drives along a ship, thus overcoming the resistance 
of the water. The running stream works the mill-wheel and 
the energy it possessed is exi)euded in grinding corn. The 
bullet fired from a rifie can ]nerce a sheet of metal by over- 
coming the cohesion between its particles. 

Exit. 112. — Stretch a piece of tissue-i)aper over thetoj>of 
an empty jam-pot. Carefully place a bullet on the pa])er and 
notice the ])aper will su])port it. Now lift the bullet and 
allow it to drop on to the paper. It is seen that the bullet 
pierces the paper. 

Exit. 113. — Support a weight by a thin thread. Show that 
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though the thread will support the weight at rest it will he 
broken if the weight is alk>w'ed to fall. 

Exit. 114. — Show that a falling weight attached by a string 
to a spring balance extends the balance beyond the point 
which it indicates when the weight is at rest. 

All these examples arc cases of the energy of moving bodies, 
or the energy of motion, or Kinetic Ener<jy. Kinetic Energy is 
the energy of matter in motion. All energy which is not 
kinetic is known as Potential Energy. It is capable of be- 
coming kinetic or active when the conditiems become suitable. 
Imagine a mass raised from the ground and jdaced upon a high 
shelf. We know that to place it in this i)osition we must 
ex])end a certain amount of work, wdiich is measured by multi- 
jilying its weight l)y the height thnmgh which its mass is raised. 
Fiirtlier, we know that just as soon as we release it from its 
])osition of rest, making it free to move, it will travel with an 
ever-increasing velocity until it reaches the ground. On the 
shelf the mass, by virtue of its position, possessed a certain 
amount of jiotential energy exactly equal to the work expended 
in ])lacing it there. 

Similarly, an ordinary dining-room clock, which is w<u*ked by 
a spring, affords us an exam})le of potential energy. I'lie 
wound-up spring possesses potential 
energy exactly e(|ual to the amount 
of work done in winding it iq). This 
potential energy is being continually 
converted into kinetic energy as it 
becomes unwound in working the 
clock. 

The motion of a pendulum 
affords an interesting example of 
the two forms of energy. At tlie 
end of its swing, in the position A 
(Fig. 51), the bob of the pendulum 
possesses potential energy enough 
to carry it through half an oscilla- 
tion, ^ that is, until it reaches its 
lowest })osition N, when the whole of 
the energy of ])osition which it possessed at A is expended, as it 
can reach no lower position. But though it lacks potential energy, 

^ Soiuu phyHicittts regard the luuiiuii from A to »>“ half an oaeilhitiou. 
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since it is a mass moving with the velocity it has gained in its 
passage from A to N, it ]>ossesses energy of motion or kinetic 
energy enough to carry it u]) to its next position of rest at A' — 
where the only energy it will have will be again potential. 
Through the next oscillation from A' to A it will pass through 
just the siime transformations again. 

At any point in the swing the jjeiululum will possess a certain 
amount of energy due to position and a certain amount due to 
motion, but the total amount of energy — the sum of the potential 
and the kinetic energy — is always the same, the loss of one form 
of energy being exactly e(jualised by the gain of the other. 

Measurement of Kinetic Energy.— When we wish to 
measure the energy of moving bodies we have to find an ex- 
])rcssion which will be e<]ual to the amount of work these bodies 
are capable of performing when the wlnde of their energy is 
converted into work. Such an expression is easily found from 
first principles, as the reader wdll learn as he pursues his 
studies. 

If M represents the mass of such a moving body and v its 
velocity, the cxj)ression is a measure of its energy, and 

a 

gives us a means of calculating the energy possessed by any 
body in motion in terms of its mass and its velocity. If wo' 
wish to exj)ress it in foot-pounds we shall, as we have seen, 
divide its value by g. 

Kinetic energy, or the energy of moving bodies, is equal to 
one-half the product of the body’s mass and the sejuare of its 
velocity. Hence, the measure of energy is dependent on the 
units of mass and velocity employed. 

Forms of Energy. — A body may possess energy due to 
other causes than that of the actual motion of the body as a 
whole. When it is in rapid vibration, or when it is heated, or 
when it is electrified, it is endowed with energy in consequence 
of these conditions. But when a body is in raj)id vibration it 
gives out sound or becomes a sounding body, hence we may 
regard sound as a form of energy. We shall see that work may 
)>e dmie l>y the passage of heat from a hot body to a cold one, and, 
in conse(£uence, heat is j)roj>erly regarded as another form of 
energy. An intensely hot body emits light, hence it would seem 
that light and heat have a common cause and that we must also 
regard light, like heat, as a manifestation of energy. When a 
body is electrified it has the ]»ower of attracting unelectrified and 
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certain electrified bodies also, and when such bodies are attracted 
as a result of this electrification we sec that electrification must 
similarly be looked upon as still another kind of energy. But it 
must be borne in mind that electrification is not electricity. 
Then, too, there is the attraction of magnetism, which is caj)able 
of acconi] Wishing work, and hence must likewise be looked upon 
as a form of energy. Chemical combinations, again, are always 
accoinjMinied by the development of heat, and resulting as they 
do from the chemical attraction of two more or less unlike forms 
of matter, we shall be right in saying chemical combination 
are always accompanied by energy changes and so in regarding 
chemical attraction as another kind of energy. In addition tO 
the energy of moving bodies we have energy manifested as 
sound, heat, light, electrification, magnetism, and chemical 
action. 

Bearing this in mind, it will ])erhaps assist the student to 
grasp the enlarged conception of energy which is here presented 
to him, if he regards eiteiytj na being a capneitg for pvodneing 
physical change. 

Heat as a Form of Energy. — Heat was not always regarded 
in this way. It was originally thought to be a fluid called 
(^iloric, and it was supposed that a piece of hot iron diftcred 
from a cold piece in having entered into some sort of union with 
this tluid. But, since the ex})eriments of Riimford, we can no 
longer doubt that heat is not material, but a form of energy. 
Rumford boiled water by the heat develojjed by the friction 
between tw^o metfil surfaces w hich he rubbed together ; and he 
found that the amount of water he could bring to the l)oiling 
temi>erature dejiended only on the amount of work he ex])ended 
in rubbing. Since he could obtjiin an indefinite amount (d 
heat from two definite masses of metal, it w^as quite clear that 
heat could not be matter, which, as wx* have seen, canm)t be 
created. Davy made the truth even clearer by obtaining heat 
enough to melt ice by sinqdy rubbing two ])ieces of this solid 
together. They wx're both cold or without caloric ; and since 
heat could be obbiined by rubbing even these together, it was 
(juite certain that heat could iu»t be a fiuid. J(Uile went a step 
further and measured the amount of work which must be done 
to oljtain a given quantity of heat ; or, as we s;iy, he measured 
the mechanical equivalent of heat. 

Some examples which will be familiar to the student will 
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provide him with proofs of the stjitement that heat and work are 
convertible. When a brake is ap[)lied to the wheels of a train, 
as it stops at a station, it is a common thing to see sparks lly. 
Tlie resistance of friction which overcomes the motion of the 
train causes a sufficient amount of heat to be developed to raise 
the j)articles of steel, which get rul)bed off*, to a red heat. By 
continually liammering a jnece of iron tm an anvil it can be made 
too hot to hold in the hand. 

The following experiments show that heat appears when 
motion is destroyed : — 

Exit. 115. — Procure a ])iece of lead in the form of a s])here 
(about the size of a marl)le) with a neck or hook iijxm which a 
])iece of string can be fastened. Tie a ])iece of string firmly 
to the neck, and while ludding the string strike the sphei’e 
several times smartly on an iron ])late. Test tlie tem]>erature 
of the ball bef(»re and after the experiment by a thermopile 
and gah anometer. ^ 

Exit. 1 lb. — Hammer a ])iece (d lead, or saw' wood, and test 
the temperature of the lead or k.iw' before and after the ex[)eri- 
ment. 

Exit. 117. — Rub a brass nail or button on a wooden seat , and 
notice its increase of temj>erature. 

When we rub a lucifer match along a rough sui’face the heat 
into which the work is converted is enough to ignite tlie matcli. 
In all these cases mechanical w'ork is converted into heat. The 
converse is true also, heat is convertilde into work. In the steam- 
engine the heat of the furnace changes the water in the boiler 
into steam. The steam forces the piston along the cylinder, and 
this movement of the jiiston in a straight line is converted into 
the circular motion of a fly-wdieel ; or is used, through the inter- 
vention of suitable mechanism, in [)um]>ing water or jierforming 
some otlier kind of work. The steam w'liich enters tlie cylinder 
is hotter than that which leaves it for the condenser. I’hus, 
we see, part of the heat of the steam has been converted into 
useful work and jiarts of it have been lost to the condenser, the 
air, etc. 

We can show by a simjde experiment that heat often dis- 
apjiears when motion is produced. 

1 At thiK Ktjigc tlic thorniopilc and ffalvaiiomctur must simply be regarded as a 
delicate means of measuring tempoi-ature. 
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Expt. 118. — Allow air, which having hecn compressed into a 
cylinder has again assimicd the temperature of the air, to come 
in cont/Jict with a tliermo] ale or (»tlier delicate means of measur- 
ing eliaiiges of temperature. Notice the cooling of the com- 
pressed air when allowed to escape. 

The Energy of Radiant Heat and Light.— We sliall learn 
more fully latei' the reasons we have for regarding these as ))eing 
of the same nature. refer undt;r this heading to those forms 
of energy which travel through space where, as we know, there 
is no air to convey them in t}u‘ way in wliicli s<mnd is trans- 
mitted. But in order tf) understand the transmission of these 
forms of energy it is necessary to imagine the existence of a 
medium wliich is referred tt> as tlie luniinifeious ether, or iiKne 
shortly as the ‘‘ethei .” Certain experiments and observations 
by different investigators leave no doubt of the existence of 
this medium, vibrations in which cause light and radiant heat. 
Sound passes through air by the to and fro vibration, in turn, 
of the air ])articles, in the form of a 'irmr as it is called. So 
radiant heat and light pass through the ether by the succes- 
sive motions of the constituent molecules of the ethensil 
medium. 

This tjikcs ])lace with astonishing (juickness, for light travels 
about 18(),(K)0 miles ])er second, or .something like 7^ times 
round the earth in this small interval <»f time. Nor does the 
ether till inter-steller .space alone, for it must exist in the inter- 
stices (p. 8.) of tho.se bodies through which radiant heat and light 
can pass, or how else can light ])ass tlirough a transparent body, 
or radiant heat through substances like rock-salt ( 

Radiati<»n can be converted into work, }>ut in a less direct 
manner than is the case with ordinary heat. It mu.st first be 
absorbed and heat .some material body cau.sing its molecules to 
o.scillate in the manner we have described. This form of heat, we 
have seen, has a mechanical eipiivalent, and we can fairly argue 
that, if tlie whole radiation is absorbed, the mechanical equiva- 
lent of the absorbed heat is an exact measure of the energy of 
the radiation. 

Energy of Electrification.— We are careful not to speak of 
electricity as a form of energy, for whatever electricity may be 
it certainly is not enei'gy. Though it would be very interesting 
to discu.ss the nature of electricity it doe.s not come within the 
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scope of our subject. The following experiment will show that 
we are right in regarding electrificatum as a manifestation of 
energy 

Exi'T. 119. — Suspend a pith-ball by a silk thread to a bent 
wire, as is shown in Fig. 52. Rub a rod of se^ding-wax with 
fur and toucli the })ith-ball with the rod. Notice that after 
the contact it is impossible to make tlie ball come to the rod. 
They repel one another. 

Exrx. 120.— Having touched the pith-ball with the rod of 
sealing-wax, which has been rubl)ed with fur as in tlie last 
experiment, bring near to it a rod of glass which has been 
rubbed with dry silk. Notice that the ball is aitraded towards 
the glass rod. 

t 

What is the significance of these experiments? In both 
cases the pith-ball moves through a certain distance under the 

infiuence of a force, in one case 
of repulsion, in the other of at- 
traction, and in consecpience work 
is done. Under certain ciirum- 
stances, as in the discharge of 
a Leyden jar, the energy of elec- 
trification becomes manifest in 
the form of a vivid s[Kirk and a 
slight explosive sound. 

Electricity in motion consti- 
tutes what is known as the elec- 
tric current, and of its ca]>ability 
of doing w(uk the student lias 
abundant evidence in the heat 
and light of an incandescent elec- 
Fio. 02. —Electrical Attraction. tric lamj), where the passage of 

the current through a wire, which 
offers considerable resistance to its jiassage, causes the wii’e to 
become sufficiently hot to be utilised as a source of light. 

It will be vei7 instructive to consider briefly the case where 
the electric cuixent is formed as the result (jf chemical action in 
a battery, and thence passed by wires to a lamp of the kind 
mentioned. This is the ordinary condition of things as already 
descrilied ; but imagine the lamp left out and the battery made 




IX 


WORK AND ENERGY 


127 


to work simply through .an ordinary copper wire which ])rt*sents 
little resisbince. The current has no work to do beyond heat- 
ing tlie wire, and the energy of the current is almost wholly 
expended in heating the li<iuids and other })arts of the battery, 
whicli is of course a very undesirable waste of energy. 

Exit. 121. — Show the motion of a magnet i)roduced l)y an 
electric current in a wire lield over it. 

Tnstjinces of the conversion of the energy of the electric 
current into mechanical work will d(»u))tless liave come under 
the student’s attention. 

Other forms of energy can ])e converted into that of electri- 
fication and of electricity in motion. If we heat certain 
crystals, tourmaline crystals, it is found that they becomt* 
electritied, one part of the crystal exhibiting electritication of 
the kind developed when sealing-wax is rubbed with fur, am>tlier 
exhiliiting the kind obtained by rubbing glass with silk. 

Heat can give rise to electric currents. If we solder a piece 
of the metiil antimony to a piece of the metal bismuth and 
a])jdy heat to the junction, it is found that an electric current 
passes from the bismuth to the antimony. 

Energy of Chemical Action.— Exit. 122.— Place a small 
liiece of dry phos])horus^ on a plate, and a short distance 
from it a few grains (»f solid iodine. Nothing hajipens. Dy 
means of a glass rod push the ]>iece of phos])horus on to the 
iodine, and notice that when they come into contact the phos- 
jdiorus intlames and dense fumes are formed whicli, as will be 
understood after reading the chemical section of this book, are 
a compound of ])hosphorus and iodine. 

Exit. 12ik — (’all attention to tlie heat of the tlame of the 
laboratory burner, where certain (diemical actions are gi>ing on, 
which are described in a later chapter, (Ghapter X Y.) 

In speaking of heat as a form of energy we took the example 
of the work done by an engine as the result of the heat from the 
furnace ; but wo can now push our imjuiry a stej) further back. 
What causes the heat of the funuice ? Evidently the burning of 
the coal, which, as we shall learn, is nothing more than chemical 


Great c.ire must )>e useil in handling*' phosphorus, ;is it is easily lifiiited. 
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action. The coal enters into a chemical comhination with one 
of the constituents of the atmosphere, and in doing so, lieat is 
evolved, as it is, indeed, in all cases of chemical combination. 

But as we shall soon have occasion to sludy many cases of 
cliemical action, we need not spend much space over the matter 
here, though it must be ixmited out that, j\ist as in all 
the other instances of energy we have studied, not only is 
it true that chemical action is accompanied by changes of 
energy, but also that it can result from these f)ther forms. 
Light can be made to bring about chemical action, as it docs 
in the case of the exposed photographic plate. Electric 
separation or the energy of electrification also causes chemical 
action, as wdll be seen later. 

Transformation of Energy. — We have learnt that one 
kind of energy can cease to exist in that particular form, 
and can assume another condition. We have seen that 
the energy of moving bodies can give rise to sound and heat ; 
tliat heat can be changed into the energy of moving bodies, 
electric currents, and chemical action. Indeed, one form of 
energy can assume almost any other form. The geneml 
tendency of all forms of energy is gradually to get converted 
into heat. When this change has become complete and all the 
energy of the universe exists as heat at the same temperature, 
there wdll be no further transformations possible. Consecpiently 
no w ork of any kind will be possible, which means there wdll be 
no life, no movement of bodies from place to place — a still, dead 
w’orld, in fact. 

Conservation of Energy. — We have seen that matter cannot 
be destroyed ; w^e have now to learn that energy is inde- 
structible. The total amount of energy in the universe remains 
the same. One form may be changed into another, but we can 
create no new energy. We may be unable to tmee and account 
for some of it in the numerous transformations w^hich it under- 
goes, but w'e are sure, from many consideratifuis, that if our 
methods of experiment were only refined enough, we should be 
able to account for the whole amount. 

The great source of energy in the solar system is the sun. It 
is from the sun that we are continuously receiving streams of 
energy in the form of radiation, which are continually assuming 
the various other forms of energy we have considered. Returning 
once more to our steam engine, we have traced back the work it 
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does to the chemical cnm])inati(»n of the coal with a part of 
the atnios})here. Or putting the case in another way, we have 
seen that there exists a certain amount of jiotential energy in tlie 
coal and atmosphere which is ca])ahle (»f l)ecomiiig kinetic as soon 
as the tem])erature at which the coal can combine with oxygen has 
])een reached. Whence comes the potential enei*gy of the coal ? 
C^)al results fi’om the c()mj)ression of vegetable material which 
lived and flourished on the earth ages and ages ago. This vege- 
table material formed the tissues of mosses and other similar 
plants, which in the ])resence of sunlight have the power, by 
virtue of the green colouring matter they contain, of decomposing 
one of the gases of the atmosphere, c/irbon dioxide, s]}litting it 
u}) into its elements, carbon and oxygen, reserving the hornier 
for themselves and returning the latter to the air.^ 

This carbon unites with the elements of water contained in the 
plants forming compounds which build up the tissues of which 
the plant is constructed. The tissues of the ])lant represent 
from our point of view the work done in splitting up the carbon 
di( )xide by absorbing the energy of radiation. They still represent 
this energy when they have assumed the condition of the coal, 
and it is in this sense that coal is poetically refeired to as 
“bottled sunshine.” 

If the earth receives so great an amount of energy from the 
sun, it is easy to understand that the total (juantity of energy 
which is given out by the sun must be enormously greater. But 
this radiation from the sun’s surface is continually goi.ig on ; 
that is, the sun is constantly losing energy, and this cannot go 
on indefinitely without the loss being made good. How is the 
energy of the sun maintained ? It has been suggested that the 
heat generated by the impact oi the meteorites which fall upon 
the sun in great numbers is caj)able of accounting for this energy ; 
and that in addition to this a slight shrinkage of the sun’s mass 
in cooling evolves a large amount of eneigy. But interesting as 
this subject is we cannot pursue it further here. 

1 Tho student must remember to re-reiid this after stutlyiii^^ Cliapter XV. 
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Chief Points of Chapter IX. 

Work is the act of overcoming resistance, or causing cliange of 
velocity. 

The Principle of Work. — Work is done by a force wlien the point 
of application moves through a certain distance. 

Work done = force x distance. 

A Foot-pound is the work done when a force e(jiial to the weight 
of one pound is exerted through a distance of one foot in the direction 
of the force. 

Power, or the rate of doing work, is measured by the number of 
ffK)t-pounds prcxluced in a given time. A horse-potrer is equal to 
33, IKK) foot-pounds per minute. 

Energy is the ability to do work. 

Energy. 


Potential, 
due to position, 
as a mass, at the top 
of a tower and a 
wouTid-u]) spring. 

Sowndy produced by vibrations of material sub- 
stances. 

Ileaty produced by motions of molecules. 
liadiatioVy due to vibration set up in the ether, 
and producing the effects of radiant light, 
heat, &c. 

Elect rifi rat ioiiy evidenced by tin; action of elec- 
trified bodies upon one another. 

Electricity in motion y as in the ehictric current, 
which can be transformed into light, lieat, or 
motion. 

Chemical actioiiy used to produce light and lieat 
when a fire burns, and to produce motion in a 
gas-engine. 

Measurement of Kinetic Energy.— Kinetic energy is e(jual to one- 
half the product of the body’s mass and the square of its velotiity. 
But the mass and the velocity must be expressed in suitable 
units. 

Conservation of Energy.— Energy is never lost, but only changed 
in form, and whatever transformations take place, the sum total of 
kinetic energy and potential energy remains the same. 


ManifeBtations 

of 

Energy. 


Kinetic, 

due to mot ion as 
shown by a moving 
cannon -t)all and a 
flowing river. 



IX 


WORK AND ENERGY 


131 


Questions on Chapter IX. 

1. In the case of a shot fired at a target, state {a) why the velocity 
of the shot changes when it strikers the target ; and (/>) wliy the 
target is made hot where the shot strikes it. 

2. Deline work, and describe an exj>eiiinent to prove that a falling 
ball is capable of doing work. 

3. Explain the terms })OMer <.f an agent and horse-])Ower. 

4. What is meant by a font -pound of work ? What is the value of 
a horse-power in terms of this unit? 

5. How is kinetic energy measured ? If we wish to express the 
result in f(K)t -pounds, hoM' do w(‘ proceed ? 

(). A man weighing 140 lbs. puts a h»ad of KM) lbs. on his back and 
carries it up a ladder to a height of 50 feet. How many foot-])f)iinds 
of work does lie do altogether and wliat jiart of his work is dom* 
usefully ? 

7. A body weighing 10 lbs. is placed on a horizontal plane ainl is 
made to slide over a distance of 50 feet by a force of 4 lbs. What 
number of units of work is done by the force ? 

H. If a man can woik at the rate of 210,000 foot-pounds an houi', 
how' long would it take him tt) raise a weight of 10 tons through 150 
feet, su])posing him to be jii’ovided w'ith a suitable machine? 

0. A hoi’sc pulling a horizontal trace with a force* eeiual to the 
weight of 72 lbs., diaws a cart along a lev(*l I’oad at the rate of 3.-^ 
miles per hour. \\’hat amount of work is done by the horse in 5 
minutes ? 

10. If a force e(|ual to the weight of 10 lV»s. revolve three times 
tangentially round a circle of 5 feet radius, tind the work it 
would do. 

11. A cannon-ball w'hose ma.ss is 60 lbs. falls through a vertical 
height of 40)) feet. What is its energy at the end of its fall? 

12. What is the kinetic energy of a mass of 5 lbs. moving w ith a 
velocity of 10 feet per seciuid ? State clearly w hat the unit is in 
terms of w'hich your answer is expresse<l. 

13. A body wdiose mass is 10 lbs. is carried up to the to]» of a 
house 30 feet high. By how man\ foot-pounds has the change of 
position increa.sed its j)otential energy? If it is allowed to fall, 
W’hat number of foot-pounds of kinetic t‘nergy will it have when 
it reaches the ground ? 

14. A particle moving from rest is acted on through 250 feet by a 
force of 9 pounds. Find its kinetic energy ; and its mass being 
5 lbs. , find its velocity. 

15. What is the difference between kinetic energy and potential 
energy ? 

16. Describe an experiment to prove that imergy due to visible 
motion (ian be transferred from one body to another. 

17. What proof can you ailduce that the energy of visible motion 
can be transformed into heat ? 

18. How do you account for the fact that heat generally appears 
when motion Is lost ? 
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19. Describe an experiment which indicates that “ Heat is a form 
of Energy.” 

20. How would you prove that “ when bodies are electrified t hey 
are endowed with energy and can j)roducc motion and heat’’? 

21. Name some forms of energy, and give instances of the trans- 
formation of energy from one form to another. 

22 How would you pn>vc that the destruction of the visible 
nu)t.ion of a body is often accompanied by the ap]>earance of heat ? 

23. When a brake is ajiplied to a wheel of a train red-hot sparks 
are seen. What are tlitise .sparks, what is the source of their lieat 
and w'hy do they soon disa])pear ? 

24. Energy may be defined as the ability to do work. Give 
instances to show that heat and chemical action are forms of energy 
tims de 'cribed. 

2.5. Define tlie meaning of the word “energy,” and give three or 
four examples to prove that a moving body possesses energy. 



CHAPTER X 

HEAT 

Heat. — In regarding heat as a form of energy we found it 
necessary to speak in somewhat vague terms of its nature, hut 
the student will, by studying the properties of heated bodies, and 
by learning how it is measured, be in a ])osition to form a much 
clearer conception of what constitutes heat. 

Hot and Cold Bodies.— Ex PT. 124. -Arrange three basins 
in a row, into the first [)ut water as hot as the hand can bear, 
into the second [)Ut luke-warm water, and fill the third with 
cold water. Place the right hand into the cold water, and the 
left into the hot, and after half a minute ]Uit b(4h (piickly into 
the luke-warm water. Notice that the left hand feels cold 
and the right w'arm while in the same water. 

It will be evident from this ex})eriment that the sense of touch 
is not to be dej)ended upon for accurately estimating the heat 
condition of a b(Kly. To be able to make an estimate of the 
temjierature, or intensity of heat, of a Inaly we must utilise some 
effect ju’oduced by heat uptm an inanimate substiince. 

Effects of Heat. —The effects of heating a substance may be 
classed under three heads : — 

(1) (^hange of size. 

(2) Change of temperature. 

(IV) C^hange of stite. 

1. The change of size which a body undergoes is spoken < f as 
the amount it ^.rptuids ; or heat is siiid to cause i\rpnusia)i in the 
body. This expansion is regarded in three ways. When we 
are dealing with solids, we speak of expansion in length or linear 
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expansion, expansion in area or superficial expansion, and ex- 
pansion in volume or cubical expansion. In the case of licjuids 
and gases we are concerned only with their cubical expansion. 

2. Change temperature, of course, means simply that the 
cfiect of an addition of heat is to make the bi)dy get hotter and 
hotter, while a su])traction causes it to become colder and colder. 

3. Change of state includes changes in the ])hysical condition 
known as lupiefaction or becoming li(]uid, and vaporisation or 
becoming converted into vajxmr. Thus, if we heat ice it first 
li(piefies or becomes water, and is then vaporised or becomes 
steam. 

Chaxok of Size. 

Expansion. — Exit. 125. — Take a metal ))all suspended by 
a chain as shown in the figure, and suspend it by the side of a 



Fui. j 3.— Tlie Exi>aiision of a Solid. Fkj. 54.— The eximision ol a J.i.iind. 

metal ring, through which it })asses easily, or fits Icxhsely. 
He/it the ball in a laixuatory burner for a few minutes, and 
tlien try t(i drop it through the ring. It is t(X) large and rests 
on the ring. Now allow it to cool slowly and notice that after 
a sluu t time it gets smaller and will sli]» thremgh (piite exsily. 

E.xrr. 12(1.- Procure a 4 oz. fiask and fit it with a cork. 
Bore a hole through the cork and ])ass through a long glass 
tube which fits tightly. Fill the fiask with water c(»loured 
with red ink. l^ush the c(»rk into the neck of the fiask and m 
cause tbe coloured water to rise nn the tube. See that there 
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is no air between the cork and the water. Now dip the flask 
in warm water, «and notice that the Ihjuid gets larger and rises 
up the tu>)e. Take the flask out of the warm water, and see 
that the coloured water gets smaller as it cools and that it 
sinks in the tube. See Fig. 54. 

Exft. 127.— Procure a well-made pa])er bag and tightly tie 
a j)iece of tape round the o])en end. Hold the bag in front of 
the fire and notice that the air inside gets larger and inflates 
the bag. 

These experiments convince us that all bodies, whatever their 
physical condition, solid, Ihjuid, or gaseous, get larger when 
heated and smaller when cooled. Now if they get larger their 
volume increases, and as the amount of matter in them, /.e., 
their mass, remains the sjime, 
from wliat we have learnt 
about density it is clear that it 
must become less, or bodies 
(/et lighter, hidJ: fitr loilk, irhen 
theg arc heated. The converse 
holds true, if they get cooler 
their density gets greater. 

Other Experiments to 
Illustrate the Expansion 
of Bodies when Heated.— 

Expt. 128. — Solder together 
side by side a brass wire 
and an iron wire, each about 
two feet long. Hammer 
the compound wire straight, 
and notice how it bends 
when heated. 

Exft. 129, — Fuse a ])iece 
of })latinum wire through 
the side of a glass tube, 
and notice that the glass 
does not crack on cooling. 

The platinum and glass expand about the sjime amount for 
a given increase of tein{)erature. 

Exi^. 130.— Fit with corks the necks of three 4 oz. flasks. 
Fit tightly into the corks three narrow glass tubes tjpen at 



Fifj. 05 — Tho rriiu’iplo of the Air 
Thermometer. 
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both ends. Fill the flasks with water, alcohol, and oil of 
turpentine respectively. Push in the corks till tlie liciuid 
stands in each tube at the siime height, l^ut all three flasks 
to the s;ime depth into a vessel of warm water. Notice that 
the expansion of the glass causes a momentary sinking of the 
li(juids ; that ultimately the expansions are very different. 

Expt. 131. — Fit a 2 oz. flask with a tight cork through which 
a tube passes, the upper end of which is bent down and then 
up at the end. Clamj) the flask so that the end (►f the tube 
dips under water in a basin. Fill a test-tube with water, and 
invert it over the end of the tube. Warm the air in the fljisk, 
and collect the expelled air in the 
test-tube. 

Expt. 132. — Tightly fit a cork, 
through which a straiglit tu})e 
] Kisses, into the neck of a 2 oz. 
flask. Turn over and ])ass the tube 
through the cork in the neck of a 
wide-mouthed bottle, coiit;iining 
coloured water. Warm the flask 
with the hand or a flame so as to 
exj)el some of the air, and let the 
licjuid rise in tlie stem, Fig. 55. 
This c(mstitutes an Air Ther- 
niomifirr. 

Exi*t. 133. — Fasten two 1ml bs or flasks togetlier (air-tight) 
by a tube bent six times at right angles, and containing some 
coloured Ihpiid in the middle bend, Fig. 5(>. Show that the 
li(iuid moves if one flask is warmed more tlian the other. 



l-’Hi. To illuKtmto Exi)cri- 
nicnt 1.S3. 


CHANCE OF TKMJ»ERATIJ11K. 

Its Measurement. — The change of size which iMKlies ex- 
jierience when heated can evidently be made to j)rovide us witb 
a method of Tneasurituf live rfunuffi of temjH'ntivrr which they 
undergo. If we can find some form of matter which expands 
regularly as it is heated, the increase in volume wliicli results 
can be taken as a measure of tlie change of temperature. Thus, 
using the arrangement in Expt. 126, if we notice tliat the coloured 
water in the tube rises through a certain number (►f inches after 
being heated for some time, we can look upon this rise of the 
level of the water in the tube as an etiuivaleiit of a certain 
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change of temperature, and we can be sure that if as the result 
of its contact with any other bf>dy, the liquid rises through tliis 
amount, that the body with which it is in contact has caused it 
to experience the change of temperature to which it is e(|uiva- 
lent, and that the body is at the temperature represented by the 
higher level of the water. An arrangement of this kind is, 
then, a “temperature measurer,’’ or, as it is always called, a 

thermometer. 

It lias been found by a long series (»f experiments that li(iuids 
expand much more than solids for a given change of tempera- 
ture, and that gases again ex[»aiKl still more than li((uids. 
Further, it has been observed that all gaseS expand to the 
same amount for a given change of temperature. 

Since gases expand so much more than Ihjuids, thermometers 
in which some gas is the form of matter which expands will be 
very much more accurate than litiuid therminneters. Instru- 
ments are actually made in which air is used. They are called 
xl//’ Thennaineters, and are very accurate indeed. 

Thermometers, -('hoire <>f Mut* rials. (1) Liquid.— The 
property of substances which we have now considered is made 
use of in the construction of tem])erature measurers or ther- 
mometers in the following way. First we have to choose a 
suitable substance, and generally one of two li(iuids is selected, 
depending upon the j>articular purpose to which the thermometer 
is t^) be put. If it is to be employed for the measurement of 
\ ery low temjiemtures, we shall use alc( >1101 in our theniK)meter 
since it is a liipiid which freezes with difticulty. If we wish to 
measure higher temperatures, alcohol would be unsuitable since 
it boils at a temperature of 78 which is, as we shall sec, 
considerably lower than the boiling point of water. For such 
higher tenqieratures mercury is used because it does not boil 
until the temperature of 357] V. is reached. But though its 
boiling point is high enough ti» make it very valuable for the 
])ur})ose named, it cannot be used bu* measuring very low tem- 
peratures, as at - 40 C. it solidilies. 

There are other reasons for selecting mercury in addition to 
the imporUint iuie we have just given. It is a liquid whose 
level can be easily seen ; it does not wet the vessel in vhich it 
is contained ; it ex])ands a C(»nsiderable amount for a small 
increment of temperature ; it is a good conductor of heat, and 

1 'I'licsc ininihcrH will Ikj \indort>toud uftor the Hcctiuii <.»n the gmdu.ition qi a 
Iheruiumeiur hua been read. 
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consequently it very quickly assumes the temperature of the 
body with which it is ])laccd in contact. Very little heat is 
required to raise its tem})erature, and there is therefore very 
little loss (if heat due to warming the thennometer. 

(2) The Tube. — Liquids, as we know, must be contained in 
vessels to keep them together. Conse(]uently, the li<juid we 
have chosen will have to be enclosed in some sort of case. For 
this purpose a glass tube is used, and some care must be exer- 
cised in selecting one. It should have a narrow bore, so that a 
given expansion of the liquid shall be spread over a considerable 
distance. The bore must be of e(|ual size, or as nearly as we 
can get it, in every part, and as it is impossible to get one which 
is (juite regular — it is usual for very accurate work to nUihrtUe 
it, i.e., to find the volume of each part of the bore. 

Construction of a Thermometer. — Having selected a sui table 
piece of thermometer tubing, a bulb must be first blown on 
one end. The glass is melted at this end and allowed to run 
together and so close up the bore, and while the glass is still 
molten, air is blown down the tube from the other end, keeping 




Fk.. 57. — Thurruumotcrs before Gradiuition. 

the tube moved round, so that the bulb is symmetrically placed 
with reference to it. The bore ^>f the tube is so fine that it is 
impossible to pour the Ikpiid down it ; some other plan must 
therefore be ado})ted. The tube is warmed and inverted in 
some of the li<iuid. Let us suppose we are using mercury. 
Warming the tube makes the air inside it expand, and of 
course some is driven out. As the tube cools the mercury is 
forced in by the weight of the atmosphere to fill the ])lace of the 
expelled air. By repeating this alternate process of warming 
and c()(»ling, under the circumstances we have described, enough 
mercury is soon introduced into the tube. The next step is 
to seal up the tube, leaving no air aV>ovo the mercury ; to 
do this the bulb is heated to a temperature slightly higher 
than WQ shall want our thermometer to register, the mercury 
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exiwiiids, and when it has reached the top of the tube, the end 
is closed l)y directing a bloW“pii)e flame against it. This meth(xi 
of closing a tube and keejung the air out is called hermetically 
sealing it. The thermometer at this stage should be put on one 
side for some days at least, in order that it may assume its final 
size, whicli it does very slowly indeed. The thermometer will 
now look like one of those in Fig. 57, according to the shape (»f 
the bulb which has })een blown. 

Graduating the Thermometer— Fixed Points.- In the 
graduation of a thermometer the ])lan always ado})ted is to 
choose “two fixed points” from which to number our degrees 
of temjjorature. The most convenient lower fixed point we can 
get is the temperature at which ice melts, or water freezes, for this 
is always the same if the ice is })ure, and remains the same 
as long as there is any ice left unmelted. The truth of this 
statement can l)e verified with a thermometer in the condition 
shown in Fig. 57. Whenever it is put into melting ice the 
mercury always stiinds at the siime level, or, as we have seen, 
melting ice is always at the same temperature and may be used 
to give one ‘fixed point. The “higher fixed point” chosen is 
that at which pure water boils at the sea-level. We have to 
make this stipulation, for the boiling point of a litpiid is altered 
when the pressure is changed, being raised if the pressure is 
greater and lowered if the pressure is less. When the water 
boils the temperature of the steam is the same as that of the 
water, and remains so as long as there is any water left. The 
lower fixed temjierature we refer to as the “Freezing Point of 
Water,” the higher as the “ Boiling Point.” 

Marking the Freezing Point.— Ft>r this pur^Mise an arrange- 
ment like that shown in Fig. 58 is very suitable. The funnel 
is filled with ])ounded ice, which before powdering had been 
carefully washed ; or snow might, if more convenient, be used. 
The glass dish catches the water which is formed from tlie melt- 
ing of the ice or snow. We make a hole in the ])ounded ice by 
thrusting in a pencil <»r gla.ss tube about the size of tlie ther- 
mometer, and into this hole we put the thermometer and 
sup])ort it so that the wlioleof the mercury is surrounded ])y the 
ice or snow. The arrangement is left for alumt ten (»r fifteen 
minutes, until it is ipiite certain that the tube and mercury 
are at the same temperature as the melting ice. VN hen this is 
80 the tube is raised until the mercury is just above the ice, 
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and a tine scratch made with a three-cornered file on the tube 
at the level of the mercury. 

Marking the Boiling Point. — The ap])aratus used for doing ^ 
this will readily understood by examining Fig. 59. Water is 
contained in the cylinder E, which is of a much smaller diameter 
towards the toj), where it is o[)en in the way the drawing shows. 
(_)vor this smaller o])en cylinder is ])laced a larger one, which 
rests on the larger cylinder containing the w ater, and is j)rovided 



FitJ. iiS.— M;irkin{^ the Freezing 
I’niiit. 




Fki. Olt— Marking the Boiling I’oint. 


with tliree openings -one at tlie top A through wliich t.o pjiss the 
therniometer, one at the side (- to allow suiierHuous steam to 
escajjc, and one for the intr<»duction of a bent tube containing 
mercury, for imlicating wlietlier tlie jiressure inside the a]»paratus 
is the same as that of the surrounding air, and wliich is known as 
a iiuDKmu'h'r. 

Tlie apparatus is arranged as shown in the left figure (Pdg. 59), 
and the water in K boiled. Steam is generated, and circulates as 
shown liy the arrows. The thermometer is exjiosed to the steam 
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until it hfiH taken the temperature of the boiling water, and the 
l(‘vel of the mercui’y is then scratched on the tn])e. 

Choosing the Scale -- Some value must now be given to these* 
two fixed points, and of course they can bo called anything the 
maker likes, but b)r tlu; sake of c«unparing one man's observa- 
tions and experiments with those of f)ther people it is most 
convenient to graduate all thermometers in the same way. The 
thermometers of this country are divided u[) in two ways— (1) the 
Centigrade scale, ( 2) the Fahrenheit scale. 

The S'rrdr.— Here the freezing ])oint is called 

or mi written 0 (\ The boiling ])<unt is calh‘d ojjc 

liK min'd dnire^s i\'nlujmdi\ and is written ItKJ' C. The spact* 
betw een these two limits is divided 
into 1(X) parts, and each division 
called a de(jr(>e Cehtujvdd^. 

Th<' Fidirnikeii Sc(de, — ()\\ ther- 
mometers marked in this way the 
freezing point is called fhirty-i^m 
(leijm'ii Fuhrenht'il^ w’ritten F., 
and the boiling ]>oint tdUi hundred 
(Did iirtelve de(jree^ Fidirenheit, 
written 212" F. The space between 
the tw’o limits is divided into 180 
parts and each division is called 
a deijree Fahrenheit. The reason 
of this dilterence is interesting. 

The physicist Fahrenheit, after 
whom the thermometer is named, 
got, as he thought, a very low" 
temperature, by mixing common salt with thejjounded ice when 
measuring the lower fixed jKuiit, and he imagined that he had 
got the lowest temperature which could be reached, and called 
it zero. His conclusion was wrong, and the mistake has brought 
about twH) w'ays of measuring temperatures. 

Conversion of Scales. - It should be clear from what we havi* 
s.iid that the interval between the boiling and freezing })oints, 
that is, the siime tem})erature ditference, is divided into 10b j>arts 
on the Centigimle scjile and 180 parts on the Fahrenlieit, 
and consequently KM) Centigrjwle degrees are eijual to 180 
Fahrenheit degrees, which is the siime as saying one degree 
Centigrade is equal to nine-tifths of a Fahrenheit degree. 



Fig. The F:ihrt‘i»lu‘it .ui l 
CeiitigTiule Sealer. 
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or one degree Fahrenheit is equal to five-ninths of a degree 
Centigrade. 

10() C degs. = 180 F dogs. ; 5 C. =9 F. . C. F. or F. = (\ 

111 converting Fahrenheit readings into (Centigrade degrees, wt* 
must sulitract .‘12 (liecause of what lias het^n said of the freezing 
})oiiit on the former scale) and iiiultii>ly tlie number thus obtained 
liy 5 and divide by 9. To change from Centigrade to Fahrenheit, 
multi] )ly the ft>rmer reading by 9 and divide by .o and add ,‘12 to 
tlie result. 

Exami*le. — \Miat temperature on the Fahrenheit scale 
corresponds to 20 C ? 

Answer. — 20" C is 20 C degs. above tenqierature of melt- 
ing ice, V.c. 20x11 Fall!*, degs. above 32 F = (30 + .32)^ F = 
08 ' F. 

When it is necessary to refer to temperatures lower tlian the 
freezing point of water a minus sign is jdaced bef(.>re the teni- 
jierature, thus three degrees lielow the freezing ])oint of water 
on the Centigrade senile is written -3^ C. 

Distinction between Heat and Temperature. —Temperature 
is not heat. It is only a state of a b<xly, for the body may bo 
cold one minute and hot the next. A hot body is one at a high 
temjierature, a cold body one at a low temperature. If a hot 
body aud a cold liody be lirought into contact there is a passage 
of heat from the hot one to the cold until they are both of the 
same degree of liotness or coldness. Now in this last sentence 
sulistitute “ at a high temperature” for “hot,” and “at a low 
temperature” for “cold,” and we shall see our way to a defini- 
tion of temperature ; thus, if a body at a high temperature and 
one at a low temperature be brought into contact there is a jiassage 
of heat from the former to the latter until they are both at the 
same temjierature. Hence, w^e can define tem]ierature as a 
condition of bodies that determines which of two bodies 
when placed in contact will part with heat to the other. 
Temperature may also be defined as intensity of heat. 

Evidently temperature is analogous to the level of water, for 
we have learnt that if tw() cisterns conttiining water at different 
levels be put in connection there will be a flow of water from the 
one where the water stands at the higher level to the other until 
they assume the same level. 
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This analogy between temperature and water-level is worth 
considering more fully, as much can l)e learnt about the dis- 
tinction to which the heading refers. Imagine a cylinder of 
water ; the most accurate determination of the height at which 
the water stands gives no information concerning the tjifanfitij 
o/ ilu' li<fu{d contiiined by the cylimler ; similarly, a c(nn])leU* 
knowledge of the tem]>erature of a body tells nothing about the 
(put}itlf ij (if heat which can be got out of it. Just as the water- 
level and temperature are comparable terms, so the (quantity of 
water in a vessel can be coiiqiared with the (quantity of heat in 
a body. To ascerbiin the quantity of water in the cylinder, in 
addition to knowing the height of it, the capacity f»f the 
cylinder for water or its size must be known : so also to measure 
the (juantity of heat in a body, in addition to knowing its tem- 
perature, we must also be informed of its capacity for heat. 

Expt. EI4. — Arrange three glass cylinders, of dittereiit dia- 
meters but e(iual heights, in a row. Pour a wine-glassful of 
w'ater into each of them in succession. Notice that tlie same 
(piantity of water lills the cylinders to different Iieights. The 
level ishigliest in the cylinder of smallest diameter and lowest 
in the one of largest diameter. The capacity for water of tht‘ 
one with the greatest diameter is evidently more than in eitlier 
of the other cases, and conse(|uently the same (piantity of 
water fills them to extents inversely proportional to their 
capacities for water. 

Exit. 135. — Mix 11b. of hot water ^^ith 11b. of cold, and 
observe the temperature of the mixture. This temjierature 
will be found half-way between the two original temperatures. 

E-XIT. 1J(). — Heat eijual weights of lead and water in the 
same beaker. Pnivide two other beakers containing eijual 
weights of cold water. Ihit the hot lead in one of these, the 
hot water into the other. Stir and note the temperatures. 
Observe carefully that the water inti» which the heated lead 
is plunged is not at so high a temperature as in tlie other 
ca.se. E((ual amounts of water at the stime temperature are 
thus shown to be heated to different extents by eipial weights 
of w'ater and lead at the siime high temperature. 

Expt. 137. — Mix 1 lb. of mercury at KW C w ith 1 lb. at the 
temperature of the room. Notice that the resulting tem- 
perature is midway between the temperatures of the twa> 
ijuaiitities of mercury. 
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Expt. 138. — Mix 1 11). of water at the temperature of the 
air with 1 lb. of iron at 1(W C, aud notice the temperature of 
tlie mixture. Mix 1 lb. of water at 100^ C with 1 lb. of iron at 
the atmospheric temperature, and notice that the resulting 
temperature is in the latter case much the higher. 

Expt. 13b. — Shake up known weights of water and mercury 
at different tcm])eratures, and note the resulting temperatures. 
Repeat, using water and turpentine at known but different 
tem])eratiires. Confirm by shaking up mercury and tur- 
pentine. The relative capacities for heat are inversely as the 
weights, and inversely as tlie change of temperature. 

Measurement of Quantities of Heat. — As in all other cases 
of measurement, we must have some unit in teiiiis of which 
to compute the (quantity <)f heat which is being measured. 
The unit of heat generally adojff ed is the quantity of heat 
necessary to raise the temperature of 1 gram of water 
through 1" C. In terms of this unit the amount necessary to 
raise 10 gr/ims of water thr<»ugh 1" would be 10 units of heat, 
or that reejuired to raise 1 gram througli 10^ would be 1-lie 
same amount. Water has the greatest capacity for heat of all 
forms of matter ; in otlier words, the (quantity of heat recpiired 
to raise 1 gram of water through 1^ C. is greater than the 
(piantity re([uircd to raise 1 gram of any other subsLince 
through the same interval of temperature. 

As we have defined the unit ({uantity of heat, the capacity 
which any substance ])Ossesses for receiving heat may be ex- 
j)resscd in terms of the unit. The capacity for heat of a body 
is the number of units of heat required to heat it through 
1 C. The capacity for heat (or thermal capacity) of unit 
mass is called the Specific Heat. 

As water has the highest capacity for heat, any weight of 
water at any temperature contains more heat than the same 
weight of any other substance at the same tem})erature. A pound 
of water at 100" C would thus possess a greater heating effect than 
a pound of lead, or iron, or copper at the same temperature. It 
has })een seen by experiment that when equal weights of the saint' 
substance are mixed together, the temperature of the mixture is 
half-way between the temperatures of the two parts which make 
it. If, however, equal weights of two different substances at 
different temperatures are mixed together, the resulting tem- 
perature lies nearer the temperature of the substance with the 
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greatK3r specific heat. In estimating the quantity of heat taken 
up or given out by a body, we must find the product of three 
quantities, viz. , its mass, its capacity for heat, and the range of 
temperature through which it is heated or cooled respectively. 

In considering any question on capacity for heat, it should be 
borne in mind that the amount of heat given out depends upon 
the weight of the substance involved, its change of temperature, 
and the heat capacity of unit mass, or its specific heat. 

Conduction of Heat. — By touching a succession of things in 
a room, say tlie marble mantel-piece, the fender, the back of a 
chair, the hearth-rug, we obtain a succession of sensations • the 
first two we say are cold, the 


chair-back not quite so cold, 
while the rug feels quite 
warm, and yet they are one 
and all under the same con- 
ditions and there is no reason 
why they should not be at 
the same temperature. The 
explanation of these diflferent 
sensations is really very 
simple. In all those cases 
where the hand receives heat 



we feel the sensation of Fig. 61.— Hot and Cold Bodies. 


warmth, while in those where 

the hand gives out heat we say the body is cold or cool. Fig. 
61 will enfible the student to remember this. Now we see why 
the fender feels colder than the hearth-rug. The fender takes 
more heat from the hand than the hearth-rug, and it does so 


because it is a better conductor of heat . 

We shall do well to consider this expression a little. Put one 
end of a poker .in the fire and hold the other. Soon the poker 
begins to feel warm, and as time goes on it gets warmer and 
warmer, until at last you can hold it no longer. Heat has 
passed from the fire along the poker, or has been conducted 
from the fire by the poker. 

The process by which heat passes from one particle of a 
body to the next is called conduction, and the body along 
which it passes is known as a conductor. 

Ck)od and Bad Conductors of Heat.— As we have learnt, 
heat is conveyed by eond'oetion from one particle of a body to 
the next, the heat travelling from the hotter to the colder imrts. 
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Such conduction causes no visible movement of the parts of the 
body. Tliis is the process by which heat ])asses through solids. 
Those substances which easily transmit heat in this way are 

called good conductors, while 
those which oflbra considerable 
amount of resistance to its pass- 
age are called bad conductors. 
Expt. 140. — Wra}) a piece 
of pa])er smoothly round a 
brass tulie and hold in the 
flame of a gas burner. The 
paper is not scorched. Wrap 
the paper around a wooden 
rod of tlie same size, and 
heat as before : the pa])er is 
scorched, Fig. 02. Brass is a 
good conductor, wood but a 
poor one. How does this ex- 
plain what you have noticed ? 
Exit. 141. — Twist an iron and a copper wire together at one 
end. At about four inches from the joint fasten a marble 
on each witli beeswax. Heat the joint in a Bunsen flame. 
Notice that the marble on the coj)per is the first to fall. Why ? 

Exit. 142.— Make a short coil of stout copper wire J inch 
internal diameter. Pass it over the wick of a ciindle without 



Fig, 02.— Bxx'erimeiit 140. 



Pig. 63.— Exi)crimoiit 143. 

touching the wick. The cjindle is extinguished owing to 
the cooling effect of the wire which conducts away the heat. 

Exit. 143. — Turn on, but do not light, a gas jet. Hold over 
it a wire gauze, and light the gas above the gauze. Notice 
that the flame does not strike through. Why ? Vary the 
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ex]>eriment oy lowering a piece of cold wire gauze upon an 
ordinary Bunsen flame. What happens '( 

Liquids are bad conductors of heat. We can show this in the 
case of water by the following ex2)eriment. 

Expt. 144. — Fill a test-tube three quarters full with cold 
water, and having weighted a small piece of ice by winding 
wire round it, or in some other way, drop it into the test-tube. 
Hold the test-tube near the bottom where the piece of ice 
is, and warm the top of the water in a Bunsen flame, as shown 
in Fig. 04. The water at the top can be heated until it boils 
vigorously and yet the ice is not 
melted, showing what a bad 
conductor the water is. 

Li(|uids are bad conductors of 
heat, but gases are far worse, as 
the following experiments in- 
dicate : — 

Expt. 145. — Examine the 

shadow of a red-hot poker. 

Notice that the heating of the 
air as exhibited by its flicker- 
ing extends but a very little way 
downwards, thus showing that air is a bad conductor of heat. 

Exit. 140. — Place a little lime in the palm of the hand and 
bring the ])oint of the hot poker upon it. The air enclosed in 
the lime does not conduct the heat of the poker, so the hand 
is not burnt. 

Everyday applications of these facts about Bad Con- 
ductors. — To keep ice in the warm days of summer the custinn 
is to wrap it up in flannel and put it into a refrigerator. The 
flannel, because of its loose texture, encloses a quantity of air, 
which, being a bad conductor of heat, prevents tlie passage of 
heat from the warm outside air to the cold ice inside. 

Similarly, ice which has to be conveyed by rail or boat is 
packed in sawdust. 

The refrigerator itself, tt)o, depends upon much the same 
facts. The common form consists of a double-walled box with 
a space between the walls. This is either left “empty” as it is 
called, when it is full of air ; or, it is filled with some other bad 
conductor, such as the mineral substance asbestos. 





Fig. iH.— T o illustrato that Wator 
is a bad Conductor of Heat. 
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If we wish to lift a hot plate we hold it with a folded cloth for 
the same reason. Cylinders of engines are encased in a packing 
of some l)ad]y conducting material. 

Convection. How Liquids and Gases become heated.— 
The process by which water and other li(|uids are heated must 
now be considered. The water nearest the source of heat gets 
heated, expands, and in conseipience gets lighter ; it therefore 
rises through the general mass of the liquid. Something must 
take its place, and the cold water at the top being heavier sinks 
and occupies the space of the water which has risen. This water 

in its turn gets heated and 
rises, and more cold water 
from the surface sinks. This 
gives rise to upward currents 
of heated water and down- 
ward currents of cool water, 
until by and by the whole of 
the water is heated. These 
currents are known as con- 
vection currents, and the 
process of heating in this 
manner is called convection. 

Exi^. 147. — Heat over 
a small flame a round- 
bottomed flask full (d 
water, as in Fig. (>5. 
Throw into the water 
some solid colouring 
matter, like cochineal, 
aniline dye, litmus, &c. Notice how the hot and coloured 
water ascends. 

Gases are similarly heated by this process of convection, 
which may be thus defined : -Convection is the process by 
which fluids (liquids and gases) become heated by the actual 
movement of the particles of the fluid. 

Applications of Heating by Convection. Heating Build- 
ings by Hot Water, — One of the commonest ways of heating 
large buildings is by means of hot-water pipes, and the efficacy 
of this plan is due U) the facts we have just learnt. In Fig. flfl 
we have the condition of things in such a building very simply 
represented. We will suppose, U) begin with, that the boiler B, 
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the pipes ah, &c., and the coils C, C', are nearly full of cold 
water, and that the fire below the boiler is lighted. Heat passes 
through the bottom of the boiler by the ])rocess of conduction, 
and heats the layer of water near it, which, expanding, rises and 
passes up the tube <d> to the top of the building, where it gives 
out its heat to the rooms. The jdace of this water which has 



Fin. <>('».— Uouting a large building by hot water piiws. 


thus risen is taken by cold water from the other ])ipe terminating 
just past d. This in its turn gets warmed and rises, and its 
place is taken by the water which has become cold by its pass«age 
through the yiipes in tlie various rooms. There is thus no dif- 
ference in this case from what we have seen to be true in the 
flask of water being heated from below. 
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Ventilation. — The ventilation of ordinary dwelling rooms is 
easily possible because of the way in which gases become heated. 
The air in a room becomes warmed and rendered impure at the 
same time. Conse(iuently there is a tendency for the vitiated 
air to rise, and if a suitable place near the ceiling is made L>r its 
egress as well as a place near the floor for tlie colder, purer, air 
from outside to enter, we shall have a continuous circulation of 
air set up which will keep the atmosphere of the room pure and 
sweet. 

Expt. 148. — Slightly open the door of your room, and hold a 
lighted candle (a) near the bottom, (6) at the middle of the open- 
(^) J^ear the top. How is the light affected { (Fig. (>7). 



Fig. G7.~To illustrate Experiment 148. 



Fig. r»8 .— IIdw to vuntilate. 


Expt. 149. — Place a short piece of c.andle in a saucer, light it, 
put a lamp glass over it, and i>our sufticient water into the saucer 
to cover the bottom of the lain]) glass (Fig. ()8). Watch how 
the light of the candle is affected and describe what hai)pens. 
Next cut a strip of card less than half the height of the lamj) 
glass, and nearly as wide as the internal diameter of the to]). 
Insert the card into the lamp glass so as to divide the uj)j)er 
part into two halves. Now light the candle again, and see 
whether it will bum with the divided chimney over it. 

Test the direction of the currents of air at the top of the 
chimney by holding a smoking taper or match over it. 
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Ohan<jk of State. 

Melting Point.- TIj o iir.sb etfects on lieating n solid, as has 
boon seen, arc to raise its temperature and to cause an increase 
in its volume. If we c(»ntinue the j)rocess of heating, the solid 
state gives place t<^ a Ihpiid condition, or the solid melts or fuses. 
Common experience affords many examples of this, e.(f.y when a 
him]) of lead is heated its temperature rises and it gets larger, 
and as the heating is continued it is converted into a silvery 
li(]uid. Wax, ice, and iron are other exam])les. But the tem- 
I)erature at which the li(]uid state is assumed, /.e., the melting 
point, is widely different in the case of different substances, as 
the following table shows : — 

Examjjles of JMeltimf Foinfs. 

Ice (PC. Tin 230" C. 

Beeswax 05" Lead 

Sul])hur 11 o'" Cast Iron... 12(K)'' 

Expt. 150. — Pound some pieces of clean ice and thrust a 
thermometer into the jiowdered mass. Beeord the tem})erature 
indicated by the thermometer. 

Put some of the ice into a beaker and jiour in some water, 
stir the mixture and again record the tem])erature. 

Place the beaker on a ])iece of wire gauze or in a sand bath 
and warm gently. Notice the reading of the thermometer (f.s* 
hnnj (ta there As au}/ Ice unmet ted. In all tliese cases the tem- 
j)erature is the same, or the tem])erature of melting ice is 
constant. 

Expt. 151.- Soften a |nece of gla.ss tulhng in the flame of a 
blowi)ipe and, removing it from the flame, draw it out until 
the bore l)eeomes very .small. Cut off a ])iece of it and dip it 
into some melted beeswax. In this way the fine tube becomes 
filled with wax which soon solidifies. Tie this filled tube on 
to a thermometer, near its Imlb, and juit the thermometer into 
a beaker of water whicli has been jilaced over a burner in the 
way .shown later in the Cha])ter on Sul])hur (Chapter X^ IT.) 
Cradually heat the water and notice when the wax melts, and 
at that instant read the thermometer. This reading will be 
the melt huj point of the wax. 

Boiling Point.— In explaining the nature of the ])roce8s by 
which liquids are heated, it was seen that the bottom layers of 
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water become heated and rise, their place being taken by the 
colder layers from above. After this heating has been continued 
for a cerLiin length of time, the bulk of the water gets so hot that 
the bubbles of vapour which are formed near the source of heat 
are not condensed again in their upward passage through the 
liquid, and coming to the surface they esciipe as steam. The 
temperature at which bubbles of this sort get formed throughout 
the mass of the liquid is (juite definite for a given pressure of the 
atmosphere and is known as the boiling point. 

Expt. 152. — Fit a cork, with two holes through it, into a flask 
or test-tube (Fig. 69). Half fill the 
flask or test-tube with water, and 
push the thermometer through one 
of the holes in the cork until the bulb 
is wholly immersed. Into the other 
hole fit a piece of glass tubing bent 
at right angles. Place the flask or 
test-tube upon a retort stand, and 
observe the division of the thermo- 
meter scale level with the top of the 
mercury. Gently heat the water until 
it boils, noticing how the mercury of 
the thermometer is aftected through- 
out the process. See where the 
mercury stands when the water is boil- 
ing and find whether any difference 
is produced wlien the water is boiling 
furiously and when it is boiling gently. 
Raise the thermometer until the bulb is just above the boiling 
w'ater, and observe the temperature which it then indicates. 

Effect of Pressure on the Boiling Point.— A word or two 
must be said with respect to the reservation which has been 
made about the pressure of the air. It has been seen that 
the weight of the atmosphere is very considerable. It presses 
upon the surfaces of all bodies with a force dependent upon 
its weight, which, like all other forms of matter, is pro- 
portional to its mass, and the mass of the atmosphere will depend 
upon the extent of the air above the body, which will clearly be 
less at the top of a mountain than at the bottom of a mine. 

If we wish to boil a liquid, therefore, in those cases where the 
pressure of the atmosphere is great we shall have to heat the 
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liquid more before the bubbles of vapour can escape at the 
surface than when the pressure is less. If we heat the liquid 
more its temperature will get higher before there is any con- 
vei’sion into vapour, and conse(|uently its boiling })oiiit will be 
higher when the pressure is greater. In finding the boiling 
point of a liquid we must therefore know the pressure of the 
atmosjihere at tliat place and time. 

Expt. 153. — Get a well-fitting, sound cork to fit the neck of a 
4 oz. round -bottomed flask. Boil water in the flask till all the 
air is expelled. Remove the burner and cork up the flask as 
rapidly as possible. Turn the flask over and pour c()ld water 
on the up-tumed bottom. Notice that as the pressure is dim- 
inished by the condensation of the vapour the water boils again 
at a lower temperature. 

Latent Heat of Fusion. — It has been already pointed out that 
when ice is melting the mixture of ice and water remains at the 
same tcmpemture as long as any ice is loft, although the mixture 
is being continuously heated. The heat which is thus absorbed, 
.and has no effect on the temperature of the mixture, is used up 
in causing the change of state from solid to licpiid, and since it 
lies hidden, as it were, is referred to as the Inieni heat of /w.s/oa 
or the latent heat of 'imter. This quantity of heat can be delined 
as being the number of units of heat which are required to 
change the state of the unit mass of ice, converting it from 
the solid to the liquid condition, without raising its tem- 
perature. 

To melt one pound of ice requires as many heat units as are 
necessary to raise the temperature of a pound of water from 0^ 
to 80^ 0., or the temperature of 80 lbs. of water through 1° C. 
In just the same manner, before a pound of water can be 
changed into a pound of ice we must tfike away from it just the 
same amount of heat. Bearing this in mind, it is easy to under- 
stiind why it t-akes so many cold nights to cover a pond over 
with ice, and why it takes such a long time, too, to completely 
melt the snow in our roads even after the thaw has set in. 

Latent Heat of Vaporisation. - When a liquid boils, as we 
have seen, the thermometer remains stationary .as long as there 
is any liquid left. After boiling has ctunmenced all the heat is 
absorbed in changing the substance from the liquid to the 
gaseous state. This heat also becomes “latent,” .and is referred 
to as the latent heat of vaporisation or the latent heat of steam ; it 
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can 1)0 as the number of heat units required to 

change the unit mass of water into steam without changing 
its temperature. 

The latent heat of water can be measured ])y mixiiii** a known 
(juantity (►f ice with a known (juantity of warm water and 
asccrtainhii; tlie amount of heat given up l)y the warm water to 
melt tlie ice. In a similar mannei-, by mixing a known (quantity 
of steam with a known amount of water and ascerbiining how^ 



Fio. 70.— Arniii^?emciit for passing steam into a vessel containing cold water. 

much heat the steam gives to the water, w e can measure the 
latent heat of steam. 

Expt. 154. — Put some ice into a known weight of hot water. 
Notice the temperature when the ice is melted. Determine 
the weight of the ice by reweighing the water. Notice that a 
small quantity of ice re(piires a large quantity of heat tt) 
melt it. 

Exi*t.155. — Pass steam, produced by heating water in a 
flask, through a delivery tube into cold water. Notice the 
rapid rise in temperature of the water, and determine the 
weight of water condensed. To prevent hot water from coming 
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out of the end of the deliver}^ tube, a trap such as is sliown in 
Fig. 70 should be used. 

There is an absorption of heat which has no effect on the 
theruiometcr whenever a liquid is converted into a vapour. 

We have taken the case f)f water as an example, but the same 
general phenomenon can be nf)ticed in every case. 

Expt. 15C. — Pour a few drops of any very volatile liquid, 
such as ether or carbon bisulphide, upon the hand. It socm 
disappears, and as a result of its disappearance the hand feels 
very cold. The heat necessary to effect the change of state 
has been biken from the hand. 

Expt. 157. — Place a few drops of water between the bottom 
of a small beaker and a block of wood. Put some ether into 
the beaker and blow over it with a ])air of bellows having a 
tube fastened to the nozzle. The water will freeze. 

When the weather is hot it is a common plan to wrap wet 
cloths round bottles of wine to keep the beverage cool. In this 
case the evaporation of the water on the cloth is ])ossihle only 
by the absorption of a large amount of heat, which is extracted 
from the bottle. For precisely the same reason, water is kept in 
porous vessels in hot countries. 


Chief Points of Chaptee X. 


Change of She. 

Substances expand 
when heated and con- 
tract when cooled, 
the amount of change 
varying Muth differ- 
ent materials. 


Effects of Heat. 


Change of Tem^ 
jK rat tor. 

When a body is 
gaining heat it rises 
in temperature, and 
wdien it is losing heat 
it falls in tempera- 
ture. 


Change of State. 

By the addition of 
heat a solid can be 
melted into a litjuid, 
and then vaporised ; 
the changes ha])j)en 
in the reverse order 
if sufficient Iieat is 
withdiawn. 


A Thermometer is an instrument for measuring tein})eratnre. Its 
action usually depends upon the fact that substances expand when 
heated and contrtict when cooled. 

Why Mercury is generally used in Thermometers. ---The following 
are the chief reasons why mercury is the best liquid to use in ther- 
mometers under ordinary circumstances : — 
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(1 ) It remains liquid through a long range of temperature ( - 40® C. 
to 357° C. ). 

(2) It expands considerably for a small rise of temperature. 

(3) Its aniount of expansion for one degree rise of temjjerature is 
fairly uniform Mdiile it remains liquid. 

(4) It is a good conductor of heat, and therefore it quickly assumes 
the temperature of olqects surrounding or toucliing it. 

(5) Comparatively little heat is required to raise its temperature, 
that is, it lias a low specific heat. 

(6) It can be easily seen, and does not wet the glass contain- 
ing it. 

Therxnometric Scales. — The distance between the marks of freezing 
and boiling points on the stem of a thermometer may be divided as 
follows 

Fahrenheit scale. Centigrade scale. 

Boiling point 212® IW 

Freezing jjoint 32® 0® 


Discrimination between Heat and Temperature. 


Heat. 

Dependent on the energy of 
the viliration of the particles of 
a bod}'. 

Capable of producing change 
of temperature. 

Measured in heat-units. 

Analogous to water flowing 
from high to lower levels. 


Temjyerafnrr,. 

Dependent on the velocity of 
the vibration of the particles of a 
body. 

Is changed by the addition or 
withdrawal of heat. 

Measured by degrees. 

Analogous to difference of 
level. 


Capacity for Heat. — Some substances have a greater capacity for 
heat than others. This is analogous to vessels of different sectional 
area. 


Capacity to hold Liquids. 

The same quantity of water 
poured into a narrow and into 
a wide jar produces different 
changes of level. 

A wide jar contains a greater 
quantity of water than a narrow 
one filled to the same height. 


Capacity for Heat. 

The same quantity of heat 
pnMluces different temperatures 
(heat level) in equal masses of 
different substances. 

A lx)dy having a large heat 
capacity, if at a given tempera- 
ture, contains a greater quantity 
of heat than the same weight of 
a substance of less capacity for 
heat at the same temperature. 


Quantity of Heat. — The amounts of heat absorbed (or given out) 
by equal weights of different materials when heated (or cooled) 
through the same range of temperature are in general different. 

The Capacity for Heat or the Specific Heat of a body is the number 
of units of heat required to heat one gram of a substance through 
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Transmusion of Heat. — Heat travels from one body to another by 
conduction, convection, or radiation. 


Conducfion. 

The particilcs pass 
on the heat vibra- 
tions from one to 
the otlicn This is 
how solids get hot. 


Convtcfion. 

Hot particles move 
away from the source 
(>f heat, an<l cfKder 
ones take their place. 
This is liow li<juids 
and gases chiefly get 
heated. 


Radiation. 

Due to the vil>ra- 
tions of a heated 
iKxly lieing trans- 
mitted through the 
ether : example, the 
heat of the sun trans- 
mitted through space 
to the earth. 


Change of State. — Many solids change into liquids, and liquids 
into gases, at definite temperatures. During these changes of state 
heat is absorbed without rise f)f temperature. The change of state 
generally involves a change of volume. 

latent 

Solids -f heat of = Liquids. 
li<]uefaction 

latent 

Li(|uids -f heat of = Gases, 
vaporisation 


Questions on Cii.4pter X. 

1. (rt) Why is the tube of a thermometer made with a narrow bore, 

while the bulb is large? 

{b) Why is the top of a thermometer sealed up ? 

(c) Why is mercury the l)est liquid to use in a thermometer 
under ordinary circumstances ? 

(d) Under what circumstances is alcohol used instead of 
mercury ? 

2. Enumerate the effects which ensue when a solid body is con- 
tinuously heated. How would you show these effects experiment- 
ally? 

3. Describe experiments to prove the expansion by heat of (a) a 
solid, (?>) a licjuid. 

4. How are the “fixed points” of a thermometer determined ? 

5. Draw some distinctions between heat and temperature. 

6. Describe an experiment to show that different substances at the 
same temjierature have different quantities of heat. 

7. State the meaning of “conduction” and “convection” as 
applied to heat. 

8. How would you prove that when ice is melted heat is absorbed 
without rise of tenqierature ? 

9. State precisely what is meant by the statement that the 
specific heat of mercury is ’033. 
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10. Describe an experiment to show that water is a bad conductor 
of befit. 

11. Explain fillip" the manner in which liquids become heated. 
Descj’ilje some useful application of the facts. 

12. Describe an effective plan for ventilating a dwelling room 
and point out the principle upon which it de])ends. 

L*l. Define what is understood by the melting point of a solid. 
Explain how you would proceed to determine this temperature in the 
case of beeswax. 

14. What happens precisely when a liquid boils? What con- 
nection is tliere between the boiling point of ii liquid and the pres- 
sure of the atmospliere ? 

15. (live a detailed account of the changes in volume and tem- 
perature which are noticed as a piece of ice is continuously heated. 

Ifi. What is meant by the latent heat of fusion ? Apply your 
definition to account for the length of time necessary to effect a 
complete thaw after a season of frost. 

17. Describe and explain the means adopted to obtain ice in 
troy)ical countries. 

18. Why is ice wrapped in flannel in the summer when we want 
to preserve it ? 

19. If a pound of water at 1CK)° C. is mixed with a pound of watei’ 
at O' C'., the temperature of the mixture is 50“. How would the 
result have differed if a pound of oil at 1(X)“ C. had been substituted 
for th(! hot water ? Explain the difference. 

20. Four ounces of hot lead filings and four ounces of water 
at the .same temjierature are poured upon sepai'ate slabs of ice. 
Will the lead or the water melt the most ice? Give reasons for your 
answer. 

21. What will be the temperature of the mixture produced by 
mixing : — {n) 1 lb. of water at 0“ C. with 2 lbs. of water at 90" C. ? 
(/>) 1 lb. of mei'cury at 10“ C. with 1 lb. of mercury at 100“ C. ? 

22. Water sometimes spurts from the spout of a kettle standing 
upon a fire. How do you account for this, and how would you 
prevent it without taking the kettle off the fire ? 

2;i. What is a thermometer, arnl what information concerning heat 
does it supply ? 

Give an instance of each of the following effects produced by 
heat : (a) change of .size, {b) change of temperature, (c) change of 
state. 

24. Describe a differential air thermometer. How would you use 
it to investigate wdiether ecpial volumes of two different substances 
give out e(jual amounts of heat when cooled through the same range 
of temperature ? 

25. Why is a vessel of water heated more quickly if heat is 
apydied at the bottom than if it is heated at the top ? 

Draw a diagram to illustrate the movements of a liquid heated 
from below. 

26. Explain exactly how the boiling point of a thermometer is 
determined. 

27. Point out the difference between the conduction and convection 
of heat. 
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Describe an experiment showing that water is a bad conductor of 
heat. 

28. Describe carefully the manner in which the freezing and 
boiling points on a thermometer are determined. 

20. Kxfdain what is meant ))y specific heat. How would you 
sliow that; e(jual weights of two differtmt substances give out different 
amounts of heat when cooled through the same range of tempei ature? 



CHAPTER XI 

LIGHT 

In Chapter IX the student has had his attention directed to 
this subject in considering energy. Rfidiation was there regarded 
as a form of energy, Jind was seen to i)resent itself under several 
different aspects. Sound was instanced as an example of radia- 
tion which, resulting in the first place from a sounding body, is 
transmitted through the surrounding medium, air, as a vibration 
of its particles. The vibrating source of sound sets the neigh- 
bouring air particles oscillating backwards and forwards, and 
this one, in its turn, sets its neighbour in motion in the same 
way all along the line of travel of the sound disturbance. But 
after the passage of the disturbance the air returns to its 
previous condition and undergoes no permanent change. Such 
a mode of propagation is sjmken of as waTa-moiion. 

In this chapter, however, we shall chiefiy concern ourselves 
with those radiations which include light and are conveyed 
through the other medium which has been already referred to. 
It is known as thxi ether and })ervades all space; it exists as well 
throughout the mass of all material bodies. These radiations are 
also propagated by waves, though in a different manner from 
that in which sound travels in the air. They may be regarded 
as ether- waves. 

Waves. — Before the nature of ’wave-movements in the ether 
can be understood, it will be necessary to learn what is meant by 
a wave, as well as those terms which are used in sj>oaking about 
them, and this cannot be better done than by beginning with 
waves in water. Everybody has started these by dropping a 
stone into a still pond. Where the stone is dropped the water 
is pushed down into a hollow cavity which, as it is watched, 
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spreads in every direction until the edge of the pond is reached. 
Had a cork been placed upon the water, it would have been 
noticed that when the disturbance reached it, all that happens 
to it is an uj) and down motion. It does not move forward with 
the wave. The downward motion of the water producing the 
depression wlien the stone comes into contact with the pond is 
followed by the production of a crest by the swinging back of 
the water particles, and this crest moves across the pond 
immediately after the depression and with the same velocity. 
This is succeeded by the formation of another depression, which 
is followed by a second crest, and so on until the effect of the 
impact of the stone has died away. The distance from one crest 
to the next or from one dej)ression to the next is called a wave- 
length. 

It must be very carefully noticed that the water particles 
themselves move 'iip and d(nrn^^ or vertically, as shown by the 
cork, whereas the wave itself moves along the surface of the 
water, or horizontally. Tliese two directions are at right angles 
to one another, and such a wave is called a transverse wave. 

If the motion of tlie particles is in the same directitm as 
thab (jf the propagation of the wave motion the wave is called 
longitudinal. 

Ether- waves are of the first kind, ?.f., transverse waves ; 
sound waves in the air are of the latter kind. 

Ether-Waves are of Three Kinds. — The ether- waves which 
come to our planet from the sun, and comprise what is inclu- 
sively called sunlight, prfxluce different effects. If they fall 
u])on our bodies they may be absorbed, and the energy of the 
wave-motion become converted into heat, and for this reason 
the waves which have been absorbed are spoken of as Badiant 
Heat ; if tlicy fall upon the retina of an eye, they may prcKluce 
a sensjition of light, and we then call the waves Light ; falling 
u])on a photogra])liic plate or upon a green leaf, they may 
produce cerbxin chemical effects, and are then referred to as 
Actinic rays. The word “ rays” means simply kinds of radia- 
tion, and hence we may s])eak of heat rays, light rays, and 
actinic rays. It cannot be too strongly insisted that in their 
passage through the ether these ether- waves do not give rise to 
any of these results ; they are simply waves transferring energy 
by wave-motion. 

^ Really oach particle of water moves rouiid io a circle, but the statement in 
the text brings out the nature of transverse waves. 



162 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


Some Laws Relating to Light. 

Light Travels in Straight Lines.— That light rays travel in 
straight lines can be at once shown by examining the jiath of these 
waves as they [>ass through a ht)le in a shutter of a darkened 
room. Though, as has been learnt, the light-waves are not 
themselves visible, yet the path of the light becomes aj)i>arent 
beciAUse the minute particles of dust in the air are rendered 
luminous by the vibrations of the ether being absorbed by tliem. 
The path of the light can thus be followed, and is seen to be in 
a straight line. We can infer this from several everyday 
exj)eriences. We cannot see round a corner ; if light travelled 
in lines that were sometimes bent (we are speaking of a 
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uniform medium), there is no reason why we should not. Or, 
again, every one knows that it is only necessary to ])ut a small 
obstacle in the path of the light from a luminous body to com- 
fdetely shut out our view of it. The light from the setting sun, 
when the sky is cloudy, is often seen to travel in straight lines. 

Expt. 158. — Take three cards and make a small hole in each 
with a fine needle. Fix the cards on to wooden blocks so that 
all the holes are at the same height and in a straight line. 
Place a lighted candle or a lamp in front of the card, and look 
through the third (Fig. 71). As long as the holes are in a 
straight line you can see the light from the candle shining 
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through. Move one of the cards aside, and notice tliat you 
can no longer see the light. It must be remembered that 
what we have said al>out light applies equally to all other 
kinds of radiation. 

Expt. 159. — Place a stick vertically between the wall and a 
long thin luminous gas dame, hlotice that tln^ shadow of the 
st,ick is sharply defined. 

Kxj*t. KiO. — Construct a pin-hole camera as follows -Make 
two paste-board tubes, by rolling j)asted paper on a wooden 
cylinder, so that one fits 
inside the other. For the 
wider tube previously 
cover the cylinder with 
dry paper. Cover one 
end of the narrower tube 
with tissue paper and 
thrust this end into the wdder tube. Line with black paper. 
Notice pictures on the tissue paper. Reason out how they 
are formed. Many toy-shops sell cheap pin-hole cameras, 
which may be used instead of constructing one from tubes. 

Kxi*a\ KJl. — Cover a lantern ca]> with tinfoil, remove the 
condensing lens, and place the cap on. Make j)in-holes in 
the cap. For every pin-hole there is an image formed on the 
screen. Make tlie pin-holes more and more numerous, and 
near together, t ill the images overlap and become confused. 
At last dittused light is produced, which is an overlapping of 
images. 

Reflection of Light. — When any wave is said to be rejected, 
it is understood that it comes into contact wdth the surface of 
some body, and is thrown back from that siiiface, and travels in 
a direction opposed to that in which it was originally moving. 
This may happen in tw^o ways, either regularly or irregularly. 
In the first aise it is tunied back according to fixed rules, while 
in the second there is no uniformity about the reflection. I'he 
page on which this is printed appears to be white because, owing 
to the roughncvss of the paper, of the irregular refloction of the 
light which falls upon it. Or, if w'e powder a sheet of glass, 
the powder seems to be white for a similar reason ; there are 
many surfaces formed from which irregular reflection takes 
place. 

Regular Reflection of Light. — Light is regularly reflected 

M 2 
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from a plane mirror, that is, a fiat reflecting surface. Such a 
mirror can be made from a variety of substances, but the most 
common is ))riglit metal or silvered glass. To find the relation 
})etween the angle at which a beam strikes a miiTor and the 
angle at which it is reflected, the following ex]>erim(‘nt should 
be performed. 

Exit. 162. — Fix two slabs of wood at right angles as in 
Fig. 73, AB, CD. Against the upright slab ])lace a ])iece of 
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glass EF with blackened back so that rc^flection only bikes 
place from the front. Ujxm the horizontal slab ])lace a sheet of 
white pajier. Stick a j)in /> in the wood against the glass, and 
place another pin near the position o. Now ju'ocure another 
pin and stick it into the wood at i- in such a j)()sition that r, 6, 

and the image of o are in 
a straight line. Draw 
with a finely })ointed 
pencil a line along the 
edge of the glass xy ; 
then take glass and j)ins 
away. 

The paper will be 
marked liy the j)in -holes 
and the line xy. Diviw 
lines through the pin- 
holes, and at h a normal 
to xy, that is, a line perpendicular to xy. Measure tln^ angles 
ahd, chd, and compare them (Fig. 74). Rcy)eat the ex})eriment 
two or three times, with the pins in different positimis, and so 
determine that the angle of incidence and the angle of reflec- 
tion are equal. 



Fig. 74. — Ang-les of Incidciictj and Reflection 
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The same facts can be demonstrated and shown to the whole 
class in another way : — 

Expt. — Fasten a little whitened, wooden stick with wax 
perpendicularly at the centre of a plane looking-glass. Cast 
upon the mirror, at the foot of the rod, a beam of parallel rays 
from the lantern, or a sunbeam coming through a hole in a 
screen. Notice (<t) that the reflected beam always makes the 
same angles with the mirror and the stick as the incident 
beam does, and (h) that the incident beam, the stick, and the 
reflected beam all lie in one jdaiie (Fig. 75). 

From these oliservations we learn that the light strikes the 
mirror at a certain angle and leaves it at the same angle. The 
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angle at which the light or any sort of wave strikes the reflecting 
surface is called the angle of incidence, and the wave an 
incident wave. The angle at wliich the wave leaves this 
surface is known as the angle of reflection, and the wave as it 
leaves the reflected wave. 

Laws of Regular Reflection. -From tlie experiments and 
con.siderations wliich have just been described we arrive at the 
two laws which must be very carefully remembered : 

1. The line representing the reflected wave is in the same 
plane with the normal and the line representing the inci- 
dent wave, and is on the opposite side of the normal from 
the incident line. 
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2. The angle of incidence is equal to the angle of reflec- 
tion. 

The student must bear in mind that these laws apply equally 
to all forms of radiation, whether in the ether or in air; Le., 
to all etlier waves and to all sound waves. 

It was also learnt from Expt. 162 that when a wave strikes a 
reflecting surface normally, i.c., having travelled along the 
normal, it is reflected back along the same line. 

Formation of an Image by a Plane Mirror.— These two rules 
enable the formation of an image by a plane mirror to be easily 
understood. 

Let MM be the ])lane mirror, and A a bright spot of light like 
the head of the pin in Exj)t. 162. First see what hai)pens to the 

light ray which leaves A and 
strikes the mirror normally. 
It is reflected ])ack along the 
same line and the reflected 
ray a})pears to come from a 
point A' along A' A. In 
the ciise of any other rays, 
such as AB, the light ray 
is reflected in such a way 
that the angle of reflection 
CBD is etjual to the angle 
of incidence ABC and ap- 
pears to an eye placed as 
in Fig. 76 to come along 
BD from a point A', where 
BD produced meets AA'. 
If we make the same con- 
struction for any other ray AB' it will be reflected and appear 
to be coming along B'D', which pi*oduced backwards will })ass 
through the same point A'. A' is therefore the image of A, 
and it can be easily proved by geometry that A' is as far behind 
the minor as A is in front of it. 

Reflection from Spherical Mirrors.— A spherical mirror is 
a part of a sjdierical surface which has the power of reflecting. 
It may be either concave or convex, the fonner if the reflection 
takes place from the hollow side, the latter if from the bulging 
side. The centre of the sphere of which it forms part will 
evidently be the centre from which the pint of it constituting 
the mirror was struck, and this point is called the centre of 
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cnrmtvre. The distance from this point to the reflecting sur- 
face is the radi/iis of curvature. Thus in Fig. 77 c is the centre 
of curvature and cM, cd^ cM", are all radii of curvature. 
MM' is called the diameter or aperture of the mirror and d 
is called by many names, perhaps pole of the mirror is the 
best. A line going through the pole and centre of curvature 
is the principfd oxia of the mirror, any other radius produced 
being a secondary axis. We know from geometry that every 
radius is at right angles to the tangent at the point where it 
cuts the circle, and since we can consider the tangent and 
circle as coincident at this point ; from what has been already said 
it will be clear that the radii are normals to the mirror. 
Evidently, then, if we place a luminous o})ject at the centre of 
curvature we shall have all the rays of light from it reflected 
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back along the lines of incidence, or the image will be formed 
at the same place as the object. 

Expt. 104. — Procure a concave mirror and cover it with black 
paper, except a small })art at the centre or round the j)ole. 
Tliat is, let the aperture of the mirror l>e small. Allow rays of 
sunlight to fall upon it (these come from so great a distance 
that they can bo considered parallel). Move a very small 
paper screen up and down in front of the reflecting surface 
so as not to cut oft' the incident rays. Notice that at a certain 
point a clear image of the sun is formed, and probably the 
screen will be burnt. 

The point so obtained is called the principal focuS of the 
mirror. In Fig. 7H, F represents this point and C the centre of 
curvature. The parallel lines show the direction of the sun’s 



168 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


rays. This point F is midway between the pole and C, or the 
focal length is half the radius of curvature. 

Befraction of Light. — Up to the present the light rays have 
been supposed to be moving through a medium of a uniform 



Fio. 78. — The I*rincii)iil Focub of a Bpherical Mirror. 


density throughout, such as is the case when it travels through 
air. When this is so, as we have seen, light travels in straight 
lines, and, coming into contact with a reflecting medium, is 
turned back, according to the laws which have been studied. 



Fio. 7i>. — Ucfractioii of Light. 

If, however, light passes from one medium into anotlier of a 
different density the propagation of the wave is no longer recti- 
linear, the passage from one medium into the other is accom- 
panied by a bending of its path. This bending is known as 
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refraction, and the ray is said to be refracted. We will de- 
scribe how this can be shown experiinent^illy in the case of liglit- 
waves, but what holds good of waves of this particular length 
holds true of all ether- waves, as well as of any other kind of 
radiation. 

Expt. 165. — Procure a rectangular metal box, such as a cigar- 
ette box, and i>ut a wooden or metal scale on the bottom. In 
a darkened room let sunlight fall slantwise against the edge. 
The side of the box throws a shadow which reaches, say, to C 
(Fig. 79), which, since light travels in straight lines in the 
same medium, is a continuation of the rays of sunlight A B. 
Without disturbing anything fill the box with water. The 
shadow no longer reaches to C, but only as far as D. Clearly 
the light-waves have been bent or refracted out of their 
original course. Notice that NN' is the normal, and that the 
light travelling from the comparatively rare air into the com- 
paratively dense water is refracted towards the normal. 

This experiment illustrates the general fact of tlie deviation 
experienced by a ray of light in passing from one medium to 
another of different density. The laws of refraction can be 
determined by another simple experiment. 

Expt. 166. — Upon a piece of board, ABCD (Fig. 80), place 
sheet of ))a[)er, and u])on the pa})er ])ut a i)iece of fairly 
thick glass EF with parallel sides (a thick piece of glass from a 
box of weights, a paper-weight, or a number of slips of micro- 



Fia. 80.— Mctliod of Dctcnniiiiiig Ilofraction of Light. 


scoj)e glass will do very well). Ride along the edges of the 
glass with a linely-]M)inted ]»encil. Place two ])ins b as 
shown in the illustration, and then, hjo/.-be/ thnnhfk fbr 
from the other side, stick in the pins (•, d so that all four 
a])pear in a straight line. 

Now hike away the glass and juns and join the pin-holes on 
the paper as shown in Fig. 81. Draw the normal ebj\ and the 
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circle elfg. Draw Im and gk perpendicular to ehf, and com- 
pare the lengths Im, gk. Obtain the ratio for different 

gk 

positions of the pins ; it will be found practically the same in 
all cases in which the same material is used. 

Notice that the direction of the ray rd, emerging from the 
glass, is parallel to that of ah. 



These experiments will enable the general rules of refraction 
to be well understood. 

Rules of Refraction. — In Fig. 82 the shaded lower part of 
the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
connections, to mean optically denser, and must not be confused 
with what has been said of the density of bodies in Chapter VII. 
Let RI represent a ray passing from the rarer to the denser 
medium, or the ray incident on the surface of the denser medium 
at I . The angle RI makes with the normal at 1 is the angle of 
incidence. The ray is ])ent, as we have learnt ; iiistejwl of continu- 
ing its course in a straight line along IR' it is refracted and 
travels in the direction of LS which rej)resents the refracted ray, 
the angle SIP being the angle of refracth^n. The angle RTS 
which represents the amount the ray has been turned out of its 
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original i)ath is called the an^le of deviation. With the centre 1 
and any convenient radius describe a circle, and from the points 
where it cuts the incident and refracted rays draw perjiendiculars 
on to the normal as in the ligure. Also drop a perpendicular 
from tlie iioint It'. It is clear from geometry that R'P' is eijual 
to the per]»endicular let fall from the point w'here the incident 
ray cuts the circle on to the n<»rmal. The ratio ])etween the 
lengths of R'P' and SP is consbmt for the same two media, e.f/., 
air and water, wliatever the angle of incidence. This ratio is 




.V 

* 1 ' 


Fig. 82 .— To explain the Rules of Refraction. 


called the index of yefraetiou. Its value for air and water is about 
J ; for air and glass roughly depending upon the kind of glass. 

The laws of refraction are then : — 

1. The incident ray, the normal, and the refracted ray are 
all in the same plane. The incident and refracted rays are 
on opposite sides of the normal. 

2. If a circle be described about the point of incidence, 
and perpendiculars be dropped upon the normal from the 
intersections of this circle with the incident and refracted 
rays, the ratio of the lengths of these perpendiculars is 
constant for any two given media. 

Effects of Refraction. — Tlie following oxporimeuts illustrate 
further the ])henomena and effects of refraction : — 

Exit. 1(17. — Place a bright object, siiy a coin, on the bottom 

of an empty basin, and arninge your eye so that the object is 
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jmt hidden by the edge of the basin. Get somebody to pour 
water into the basin. You will now be able to see the coin 
without any niovement of your eye having taken ])lace. 
Evidently there has been some bending of the direction of the 
light rays somewhere. 

Tn Fig. 8,‘l let C be tlie pt>sition of the coin in which it is just 
hidden, as far as the eye is concerned, by the edge of the empty 
basin. If the rays from the coin (■ be contimu‘d in sti’aiglit 
lines tliese lines will evidently ]>ass above the eye. Now when 
the water is put in, these rays, Avliich l)efore miss the eye, are 
refracted in ]>assing out of the w'ater and just enter the eye, 
making the coin appear to be in the position C'. The right side 





of the vessel, if continued upwards, re[)resents the normal, and 
evidently in passing out of water into air the light-waves are 
bent away from the normal. 

Expt. 108. — Stretch a wii-e across the opening in tlie cap of 
a lantern. Focus tlie shadow of tlie wire on a screen. Inter])ose 
a strip of glass in front of the wdre and tilt the strij). Notice 
the displacement of jiart of the shadow. 

Exit. 1(>9. Place a glass cell lief ore the lantern and focus 
it on the screen. Let the surface of the water lie visible. 
Put a lumf) of ice on the water, and obsiTve the streaky 
ajipearaiice of the illuminated ])art of the screen. Add syruj), 
alcohol, and hot water by a jiipette. Notice similar effects. 

Pour the va]iour of ether out of a bottle, and observe the 
appearance on the screen. Examine the shadows of burning 
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gas, a red-hot i)oker, or of jdatinniii wire through which a 
current of electricity is ]>assing. 

Tt is the refraction of light in its passage from one medium 
into another of diflcrent density which ex[)lains seveial vei} 
familiar ohservations. A stick held in anything other than a 
per})cndicular position in water a]>i)ears to he bent ui)wards 
(Fig. 84). Standing Ixidies of water always a])])ear shalhm er than 
they really are on account ()f refraction. 

Exit. 170. — Fill a glass cylinder (Fig. 85) with water, and 
place a coin at the bottom. On looking straight down through 
the water the coin a])pears nearer flu* sui*face than it ivally is. 



Fi^^ S I.- To inn'll rati' why a Stiok ]>lai-(nl 
slantiiif^My in Watt r a])]njai's to ho hoiit 
ui)\viinls. 



trato an olTivt of 
lU'fraotion 


Hold anoth(‘r coin near the outside of the cylinder and place 
it at such a height that the two coins aj)j)ear at the same level. 
The amount by which the coin in the water is aj»parently 
elevated })y refraction can thus be found. The h'ligtli of the 
column of water through which the coin is (»bservt'd, divided 
by the disbince from the top of the water to the outside 
coin, gives the index of refraction of water. 

Repeat the experiment with methylated spirit. 

Eefraction through a Prism.— Tn o])tics a ])rism is defined 
as “ a wedge-shaped ])ieceof glass contaiiUMl betwt‘en two planes 
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called its faces, which intersect in a line termed the edge of the 
prism.” It may also be defined as a solid having three rectfin- 
gular sides (Fig. Sfi). 

Exi*t. 171. — Focus on the screen a small circular hole in the 
cap of the lantern. Introduce a wedge of glass, and show that 
the si)ot is iiKwed towai’ds the base of the wedge. Let the 
first face of the wedge be obli(|ue to the beam. Put a second 
wedge with the first, face to face and base to base, so as to 
form a single wedge of double the angle. Notice the increased 
displacement of the light spot. Put them edge to base, notice 
the emergent beam is j)arallel to the incident. 

The amount of deviation of the beam thus depends upon the 
angle of the wedge or prism ; it also depends upon the material 
of which the prism is made and the nature of the incidtuit 
light. 

Path of a Ray of Light through a Prism.— In Fig. 87 let 



Fig. so,— a Prism. Fio. 87.— Path of a Hay of through a Prism. 

the triangle abc represent a section of the ])rism at right angles 
to its faces, such as we should see by looking at the end of 
it. Suppose DE is a ray of light striking the face ah of the prism. 
The light on entering the prism passes from the air into the 
glass, av from a rarer hdo a demfcr medhnn^ and is, as was seen 
in Expt. lOfi, bent towards a line drawn ])erj)endicular to the 
face of the prism at the point where the ray of light strikt^s 
it. It consequently travels along the line EE' until it I’eaches 
the face ac of the prism. Here it passes from the glass into the 
air, Le., from a denser into a rarer medinm^ and is, in such 
circumstances, bent from the perpendicular, and travels along 
the line E'D'. In every such passage through a prism it is 
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noticed that the light is always bent or refracted towards the 
thick j)art of the prism. 

The course of a ray of light through a prism can be found by 
a simple experiment. 

Exj'T. 172. — Stand a prism upright, that is, upon one of its 
ends, upon a piece of white paper. Stick two pins into the 
paper in the positions T3 E (Fig. 87), jdace two more E' D' on the 
opposite side of the prism so that the four api)ear in a straight 
line when looking through the ju-ism. Draw the outline of the 
prism ah(\ and then take away the prism and the pins and 
connect the })inhf)les as shown in the diagram. It will be found 
that the ray is bent towards the base of the prism both when it 
enters and emerges. 

Refraction through a Lens. — Most lenses are of glass with 
curved surfaces which are portions of spheres. In some lenses 
one surface is (juite plane. All lenses 
can be divided into two classes — concex 
or convergiwj, and concave or dhenjhig, 

(Converging lenses can be told at (mce by 
their })ower of forming an image of a 
ilistant object like the sun, or by that of 
magnifying. Concave lenses form no 
image in this w^ay, and, moreover, in- 
stead of magnifying they make objects 
ai)j)car smaller when viewed through 
them. 

To understand their fiction upon the 
course of rays of light through them it is 
simplest to reg.ard them as being built up 
of pfiits of j)risms in contact, fis shown in 
Fig 88, where a convex lens is built up in 
this way. A ray of light billing upon finy 
one of these prisms is refracted towards its thicker ])art, and oon- 
seciuently they all converge towards a jioint, which, if the incident 
rays are parallel, is known fis the princ 'qkd foens of the lens, as 
F in Fig. 89. To actufilly find thodistfince of the principal focus 
away from the centre of the lens, that is, its focal hoigih, it is 
only necessary to form an innige of the sun by it on a screen and 
to measure the disttinee between the lens find the screen. 
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Refraction is accompanied by Dispersion.— In all the cases 
of refraction whicli liavc been considered the phenomena have 
been described as if all the ether- waves, which are contained in 
white sunlight, are bent ecjiially, but this is really not so. If 
the exj)oriiiients are performed as described, in every case it 
will be noticed that the image formed by the refracted ray is 
coloured round its edges. To prevent this complication, and to 
make the descriptions (piitc correct, we must suppose that waves 
of a given length are used, or, as it is called, moiwchrornafir 
such, for example, as could be obtained by burning methyl- 
ated spirit in which common salt is dissolved. 



F'ici. 80. — T«» show Principal Focus of a Double Convex Lens. 


The shortest, most rapid waves are bent most ; the slowest, 
longest waves are Ijent least. This can ])e very prettily seen by 
performing an experiment which was first done by Newttm ; 
improving on his method, however, by using a slit instead of a 
round hole, through which to let the light pass. 

The Analysis of Light by a Prism.— Exi*t. 173.— Allow 
sunlight t(j fall through a slit or hole. Fig. fK), into a darkened 
room. Just inside the room arrange a prism as shown. The 
component wave-lengths of the white light will be differently 
refracted by the prism, the rapid vibrations of the ether 
which give rise to the sensation of violet will be most bent, 
the slowest vibrations or the red waves will be bent least, and 
a band of colour, continuous between these limits and com- 
prised of the cfdours of the rainbow, will be formed. 



XI 


LIGHT 


177 


In this experiment the light is said to be dispersed owing to 
the different refraiKjihility of the various kinds of light. An 
examination of the band of colour or spectrum will show that 
one colour shades impercej)tibly into the next. There is, then, 
an infinite number of waves of different lengths comprised in 
the white light from the sun, and each ray is bent to an extent 
dejjending on its wave-length. 

If the decomposed sunlight, instead of being collected on a 
screen, be passed through a second prism similarly arranged, it 
will be seen that the band is longer or the dispersion is greater. 
The amount of dispersion also depends upon the material of 
which the prism is made. Glass produces a much greater 



amount of dispersion than water ; flint-glass possesses twice the 
dispersive power of crown glass ; carbon bisulphide, again, has 
more dispersive power even than flint-glass. 

Although a continuous band of colour is observed when sun- 
light, or limelight, or a gas or candle flame is seen through a 
prism, this continuous spectrum is not always produced. If 
when substances such as sodium, strontium, and lithium, or 
their compounds, are burnt in a non- luminous flame, and ob- 
served through a jjrism a discontinuous spectrum is seen. The 
following experiment, described by Sir Norman Lockyer, illus- 
trates this. 
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Expt. 174. — Procure a strii)of wood about 12 x 1 x ^ inch, 
and glue a glass prism upright at one end of it. Stick a pin 
or a needle upright in the other end. Allow the neeclle to be 
illuminated by the flame of a spirit lain]) into Avhich salt is 
gradually allowed to fall. An orange-coloured image of the 
needle is seen. Now illuminate the needle by a candle or gas 
flame, biking care that the direct light from the candle does not 
fall upon the face of the prism (Fig. 91). No longer is a single 



Fio. iU. — To illustrate Experiment 174. 

image of the needle seen, but a complete band of colour from 
red to blue. This is produced by an innumerable multitude 
of images close together. 

A prism may thus be used, and is used, to analyse light. The 
light of incandescent sodium vajiour when observed through a 
prism is characterised by the orange-coloured ray seen in the above 
experiment with common sfilt, which contains sodium, and the 
light emitted by other substances when burning are each dis- 
tinguished by rays of a particular colour and position in the 
spectrum. 
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Recomposition of White Light.— If in Expt. 173, after 
having decomposed sunlight to form a spectrum, we place a 




1 



Fig. Uli. — llccompoBitiou of Light by a Hccoiid Pribin, 

second similar prism after tlie first rrith ih nfrncting anyle 
revermU it will be seen that the spectrum disajipears, and in its 



Fig. 1»3.— Thu C<»h»iir Disc. 


place we get a wdiite image of the slit, not opposite the slit, but 
displaced owing to the refraction produced by the prisms. But 

N 2 
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the refraction is unaccompanied by dispersion. The second 
prism undoes the dispersive work of the first (Fig. 92). 

Or if, after the first prism, a double convex lens were arranged 
so that the decomposed light falls uj)on it, it will be found that 
the dispersed light is recombined and a white image is formed 
at the princijjal focus of the lens. 

The Colour Disc. — This is an arrangement of Newton’s for 
demonstrating that white light can be made by combining the 
various colours of the spectrum. 

Expt. 175. — Upon a round piece of card paint sectors of 
the different colours contained in the spectrum, arranging the 
areas of the coloured sectors as nearly as possible in the pro- 
portion in which they (jccur in the spectrum. 

Place the card upon a whirling table (Fig. 93) or upon a 
top, and rotfite it rapidly, when it wdll be found that light 
from the card gives rise to the sensation of white or gray. 


CiiiKF Points of Chapter XI. 

Light, like every kind of radiation, is a form of energy. Hence 
it is a process of transference of energy by ether-waves. These 
ether-waves which affect the retina are known as light. 

Rectilinear Propagation of Light. — Light travels in straight lines 
when propagated through any one medium, but often has its 
direction changed when passing from one medium to another {see 
Refraction). 

Reflection. — Liglit in being reflected from suitable surfaces, obeys 
the following laws ; — 

(1) The reflected ray lies in the same plane as the incident ray 
and the normal. 

(2) The angle of reflection is equal to the angle of iiundencc. 

Reflection from Spherical Mirrors. — The centre of the sphere of 

which the mirror is a part is called the centre of curvcUure. The 
distance from this point to the reflecting surface is called the radius 
of curtxUure. The point to which all parallel rays converge after 
reflection is called the principal focus. The distance of the principal 
focus from the pole of the mirror is called the focal lenyth of the 
mirror and is equal to one half of its radius of curvature. 

Refraction of Light. — A ray of light passing from a less dense to a 
more dense medium is bent towards the perpendicular to the sepa- 
rating surface and conversely. The laws of refraction can be stated 
thus : -- 

(1) The incident ray, the normal,»and the refracted ray are all in 
the same plane. The incident and refracted rays are on opposite 
sides of the normal. 
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(2) If a circle he described about the point of incidence and per- 
pendiculars ))c dropped upon the normal, from the intersections of 
this circle with the incident and refracted rays, the ratio of the 
lengths of these perpendiculars is constant for any two given 
media. 

Refraction by a Prism.— The deviation of a beam of light caused 
by the action of a prism depends upon {a) tlie angle of the prism, 
{h) its material, (r) the thickness of it traversed, [d) the lengtli of 
the ether-waves. 

Refraction through a Lens. — Most lenses are of glass with curved 
surfaces which are portions of spheres. They can be divided into 
convex or converging and concave or diverging lenses. The point 
to which parallel rays after refraction converge, or appear to diverge, 
is called the prmcijtal focus. 

Analysis of Light by a Prism. — The points to be remembered in 
connection with this are : — 

(1) That if a beam of monochromatic light, that is, light of one 
w^ave length, traverses a prism, it is bent out of its original direction, 
but the amount of bending produced by any ])articular prism depen«ls 
upon the colour of the beam used, being greatt'st for violet light and 
least for red light. 

(2) That if light from any source pass through a prism, it is broken 
up or analysed into its difierent components, each ray of eleii’entary 
colour that enters into the composition of the light being bent by a 
difierent amount. 

(8) Tliat if a beam of white light from a slit pass through a prism, 
it emerges as a coloured strip, termed a .spectrum. 


/ \ 

A beam of white light, ^ Wheii 

/ it traverses 

a prism is Red 

broken up into Orange 

~ Yellow 

( 1 reen 
Rlue 
Indigo 
Violet 

White light can, therefore, like a chemical compound, be broken 
up into simpler elements. 

Recomposition of Light -The Colour Disc.— The analysis of white 
light is noted above ; the synthesis, or recomposition, can be 
effected— 

(1) By making tlie (;()loured band or spectrum, pHsiuced when 
light has passtal througli one prism, traverse a second pi-ism having 
its refracting angle reversed. 

(2) By rotating a disc of cardboard painted in segments of violet, 
blue, green, yellow', orange, and red. 
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Questions on Chapteti XI. 

1. How could you show that light travels in straiglit lines? 

2. Descji'ibe ex])erinients to illustrate the eharaetta istics of trans- 
verse and longitudinal weaves. 

8. State the laws of the retlection of light. 

4. In what direction is a beam of liglit deviated wlieii it passes 
from a less dense to a more dense medium ? 

5. Name some common phenomena produced by the refraction of 
light. 

6. Draw a triangle to represent a section of a prism and show how 
a beam of light is bent by passing through the prism. 

7. State how light can be experimentally analysed by a prism. 

8. How would you prove that wiiitc light is composed of several 
colours, and how can these colours be combined by experiment to 
form white light ? 

9. Explain the statement ‘ ‘ Light is a form of energy. ” 

10. Describe a simple experiment to prove tlie laws of reflection. 

11. What experiment could you perform to exjdain such every- 
day phenomena as the shallow appearance of a lu’ook, and the 
apparent bending of a stick which is slantingly plunged into 
water ? 

12. Explain the terms priricijyal focus and radius of enrntfure as 
applied to a spherical mirror. 

18. Describe some commonly observed effects of the refraction of 
light. 

14. What is meant by the Disjjersion of Li<jht ? On what fact 
does it depend ? 

15. Explain the term rcfrangihilifi/ as applied to a ray of light. 
Are rays of all colours etpially refrangible ? 

16. A bright bead is placed at the bottom of a basin of water, 
and a person stands in such a position that he can see it over the 
edge of the basin. While he is looking, the water is drawn off. 
How will this affect his view ? Draw a diagram showing the direction 
of a ray of light passing from the bead through the wat(‘r and tin* 
air in each case. 

17. How can it be proved that : — 

(a) White light is a mixture of many colours, {h) Different colours 
have different degrees of refrangibility. 

18. A room is lighted by one small window which (;an be completely 
covered by a screen of dark red glass, or by one of blue glass, or 
by both j)ut together. In the room is a stick of sealing-wax, a ])iece 
of blue ribbon and a lily. What colour do(!s (*ach of these things 
appear when (a) the red screen covers the window, {h) the blue screen 
covers the window, (c) when both screens cover the window ? 

19. Explain why if a sheet of paper be placed behind a pin-hole 
in a thick sheet of cardboard, an image of a brilliantly illuminated 
o})ject on the othei’ side of the cardboard will be formed on the jiapei*. 
Why is the image fainter, but more clearly defined if the pin-hole is 
very small ? 
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20. A tliick layer of a transparent liquid floats on the surface of 
water. Trace the course of a ray of light from an object immersed 
in the water througli the floating liquid to the air. 

21. Describe ancl explain the effects observed when cards coloured 
bright red, green, and blue respectively are i)assed from the red to 
the blue end of the spectrum. 

22. Describe an arrangement by means of which a spectrum may 
be formed upon a screen. 

If the light is made to fall upon a piece of red glass before reach- 
ing the screen, how and why will the spectrum be affected ? What 
would the effect have been if blue glass had been used ? 



CHAPTER XII 

THE CONSTRUCTION OF SIMPLE VOLTAIC^ CELLS 

The facts to be described in this chapter and the next refer to 
the production of electric currents })y means of simple voltaic 
cells, and to chemiail changes which such electric currents are 
able to produce. In order to obtain a clear idea of the use 
of the various materials employed in the construction of voltaic 
cells, and the chemical effects to which electric currents are able 
to give rise, it is necessary to know something about the principles 
of chemistry. This chapter and the following one will, therefore, 
be more profitably read if they are taken after the section on 
chemistry than if they are studied at this stage. 

Fundamental Experiments.-— Expt. 176.— Prepare some 
dilute sulphuric acid containing one part of strong acid to 
eight parts of water. First measure out the water into a large 
beaker, and then gently pour the measured (quantity of strong 
acid into the water, keeping the latter briskly stirred with a 
glass stirring rod. Having noticed the large amount of heat 
generated set the mixture on one side to ct)ol. 

Expt. 177. — Plunge a strip of ordinary commercial zinc into 
a beaker of cold dilute sulphuric acid prepared as in the last 
experiment. Notice the brisk evolution of gas which tfikes 
place. What gas is given off ? p. 181).) 

Exra. 178. — Repeat Expt. 177, substituting first a rod of 
pure zinc and then a strip of copper. Observe that there is 
no chemical action (p. 189) in either case. 

Expt. 179. — Place the rod of pure zinc and the strip of 
copper into the dilute acid, taking care that the two mebds 
do not touch one another. No gas is given off from either 
metal. 
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Expt. 180. — Now tilt the pieces of metal towards one another 
until they touch outside the liquid, or connect them with a 
wire as in Fij^. 04. Observe that bubbles of gas appear on 
the copper plate. 

ExrT. 181. — Take the pieces of 
copper and zinc in the last experi- 
ment out of the acid, wash them 
under the tap, and carefully dry them 
on clean blotting paper. Weigh both 
pieces of metal and record their 
weights thus : — 

Weight of rod of pure zinc — grams. 

Weight of strip of copper — grams, 



Now replace them in the dilute acid 

and make them touch outside the li<|uid, or connect them by 
a piece of copper wire, and allow the action which ensues to 
continue for^en or fifteen minutes. Then remove them from 
the acid and wash, dry and weigh tliein as before. Record 
your result beneath the last entry thus : — 


After 15 minutes’ action. 

Weight of zinc rcxl — grams 

Weight of copper strip — grams. 

Notice that while the zinc has diminished in weight the weight 
of the copper has remained unaltered. 

Exft. 182. — Prepare a plate of amalgamated zinc by dipping 
a i>late of ordinary commercial zinc into dilute sulphuric acid, 
and after it has been acted upon ft)r a minute or two rub some 
mercury completely over its surface with a piece of cloth. 
Repeat Expt. 178, and observe that amalgamated zinc behaves 
just like pure zinc. 

Properties of the Wire connecting the Plates of Copper 
and Zinc. — Exi*t. 183. — Into some dilute sulphuric acid con- 
tiiined in a beaker plunge a plate of amalgamated zinc and one 
of copper, to each of which a copper wii’e is attfvched by a 
suitjible binding screw. There is no chemicjil action until the 
free ends of the wires are joined, when, as before, bubbles of 
gas are seen to collect on the copper plate. 

Expt. 184. — Procure an ordinary comimss needle, which 
consists of a light magnet, suitably supported at its middle 
point, so that it can move freely in a horizoutiil plane. Bring 
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tliis u|> and try and arrange matters so that the wire of Expt. 

in connection with the copj)er and zinc plates is parallel to 
the magnet when the latter is pointing north and south (Fig. 
Jlo). Notice that this is impossible. 'Hie wire exerts some 
sort of ]H)wer on the needle. 



Plxi'T. 185. — Wind the wire wdiich is connected with the 
co)>per and zinc jdates round a ])icce of soft inm, as in P'ig. 
IW). Notice tliat the piece of soft iron will attract iron filings. 





Expt. 180. — Repeat Plxpt. 184, and notice that after a time 
the power which the wire exerts over the magnetic needle 
becomes feebler, and by and by ceases. Rub the copper plate 
with a piece of wood until all the bubbles of gas which had 
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collected have disappeared, and notice that the power of the 

wire to deflect the magnetic needle is regained. 

What the Experiments Teach. — The student should have 
no didiculty in understanding now that a wire which connects a 
strij) of zinc and a strij) of copper, which are dij>ping into dilute 
sulphuric acid, has new jiroperties. It is in a dillereiit condition 
from an ordinary piece of such wire. Its new condition is 
described ])y saying that an drrfric cnrymt is passin(f (domf it. 
The arrangement is, in fact, a means of devek>j)ing an electric 
current, and is called a voltaic cell. 

Moreover, the use of such w'ords as “flow'” and “current” 
will probably suggest ])revious facts which the reader has learnt, 
lie has seen that a flow of heat takes place from a body of high 
tem])erature to one of low temperature when tliey are ])laced in 
contact, and that such flow' continues until both bodies are of 
the same teinijorature. 

Similarly, there is a flow' of w'ater from one vessel to another, 
w’hich are in connection, if the level of the water in one vessel 
is higher than in the other. Hence we are face to face with the 
(question, What difference is there between the copper and the 
zinc which causes the condition of things called the electric 
current '? The name given to the difierence of condition in the 
copper and zinc which corresponds to temperature and w ater- 
level is difference of potential. The electric current continues 
to flow^ along the cop])er wire until the potential of the two 
plates becomes the same, w hen it ceases. This is the state of 
affairs after the bubbles of the gas, hydrogen, have collected 
on the copper plate. 

The electriail condition of the plates of copper and zinc 
becomes altere^l by ]>lacing them in the sulphuric acid, but the 
final state is diflbrent in the tw'o cases. The copper plate is at 
a higher potential than the zinc plate, and, consecpiently, when 
the plates are joined outside the liijuid b}' a copper w ire there is 
a flow' of tlie electric current from the copper to the :inc. The 
difference of potential which causes the flow^ is maintained by 
the solution of the zinc in the acid. Or, speaking in terms of 
energy (Ohaj). IX.), the work of maintiining the current is per- 
formed by the solution of the zinc. This is similnv to the 
maintenance of the work done by a steam-engine by the burning 
of the coal in the furnace. It was for this reason that we found 
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the zinc weighed less in Expt. 181, after the electric current 
had flowed for some time akmg the joined wires. 

It is customary to give the name electro-motive force to the 
difference of potential which we have seen exists between the plates 
of copper and zinc. As the student will learn when he continues 
his study of the electric current, this difference of potential, or 
electro-motive force, can be measured by means of an instrument 
devised by Lord Kelvin, called the Quadrant Electrometer.^ 
But though the term electro-motive force is used to speak of 
this diflEerence of potential, it is not a force in the sense in which 
the word was used in Chapter V. A force is that which causes 
motion in matter, but an electro-motive force results only in a 
motion of electricity, which is not matter at all. 

• Voltaic Cells. — The simplest arrangement for developing an 
electric current by means of chemical action has been now de- 
scribed, but there are mfiny others which are much better. They 
are all called “voltaic^’ cells after the name of the physicist Volta, 
who was the first to develop an electric current by chemical means. 

To be of any practical value the voltaic cell must not cease in a 
short time to give a current as the simple device adopted in 
Expt. 18() did, as soon as bubbles of gas had collected over the 
copper plates. Some means have to be taken to prevent this 
stoj»ping of the current by the bubbles of hydrogen, or, as it is 
called, the polarisation of the cell. 

Polarisation is prevented in two ways : (1) by mechanical, (2) 
by chemical means. 

Prevention of Polarisation by Mechanical Means.— Smee’s 
Cell. — Smee substituted a plate of silver on which platinum had 
been deposited, that is, a plate of silver, for the coi)per 

plate in Volta’s simple cell. The platinum on the silver jdate 
causes it to be very rough, with the result that there is a con- 
tinual tendency for the bubbles of gas to rise from the points of 
roughness, up through the liquid, and to escape at the surface. 

In other patterns of cell a mechanical device for keeping the 
liquid stirred near the copper plate is adopted, the agitation of 
the liquid being quite enough to prevent the collection of gas 
bubbles. 

Chemical Changes in a Simple Cell.— To understand clearly 
the principle of the construction of cells in which the difficulty of 
polarisation is got over by chemical means, it will be necessary to 
1 See Prof. 8. P. Thompson’s Blectricity and Magnetism, p. 272. 
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exi)lain the chemical changes occurring in the simple cell already 
described. The facts we have learnt are — first, that the zinc gradu- 
ally dissolves in the acid, and second, bubbles of hydrogen con- 
tinually collect on the copper plate. Since we have proved by 
experiment that dilute sulphuric acid has no action on copi)er, it is 
evident that though the bubbles of hydrogen collect on the copper 
plate they were not turned out of the sulphuric acid by the copper. 
As we shall learn in the chemical section of this book, the 
chemical change which takes phice when ordinary commercial zinc 
is jdaced in sul})huric acid can be represented by an equation : — 


When SuLriiiniic Acin Zinc 
upon 

and Hydrogen 


wc Zinc 
have SuLVHATE 


formed 


or .more shortly by chemiciil symbols. 


H.,S( \ -f Zn = ZnSO^ -}- Hg. 

The hydrogen is, then, really first liberated near the piece of zinc, 
and it is suj)posed that at the moment of its liberation it breaks 
up the adjoining molecule of sulphuric acid, taking the place of 
the hydrogen therein, and turning out that which was already com- 
bined with the other elements in the molecule of sulj)huric acid. 

This can be shown a little more clearly, perhaps, by using 
the symbol H' for the hydrogen first turned out by the zinc, and 
H" for that in the neighbouring molecule of sulphuric acid of 
which we have spoken. Then the interchange of hydrogen in this 
molecule of sulphuric acid can be expressed by an equation : — 

Il'ySi >4 -h H '2 - H'gSO^ + H'V 

This interchange of the hydrogen goes on right through the 
liquid until the copper plate is reached. We have the same 
reaction going on an almost infinite number of times : — 


H"'2S04 -1- H". = H"2S04 -f^ H"'2 

until finally there is no longer a molecule of sulphuric acid to bo 
decomposed, and the free hydrogen is deposited on the coi)per 
plate. It is customary to represent the state of affairs in the cell 
graphically, and since it is very important that a proper concep- 
tion of the continuous decomposition of sulphuric acid molecules 
should be formed, we also give this method, as it may help 
some readers better than the previous plan. In the illustration 
(Fig. 97) the second row of oval figures, stretching between the 
zinc and copper plates, A and B respectively, is to represent the 
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condition of the molecules of the acid before the plates are 
joined ])y a wire. The shaded ])art of each figure represents 
the hydrogen in the molecule, and the uiisliaded ])orti()n the group 



of elements, 804, which complete the constitution of the sulphuric; 
acid molecule. The third row show’s the result of the series of 
decompositions w hich take place when the plates are joined by a 
w’ire. At the zinc plate A zinc sulphate is shown formed, and at 
the coi>j)er plate B free hydrogen is represented.^ 

1 Tlie student must, however, iu view of more recent work outlie suhjcct, avoid 
jnetunn^ the process us takin^i' i»lace with the rcj'ulurily indicuted in the utiovu 
explanutioii und in Fi^,^ 1 < 7 . It is now tielieved, that most jiroliahly, the solution 
of acid contauis not only Jh2S(>4 nmleeules, hut also uiicomhinod hydro^'en atoms 
(or as we shall learn to call them /o».s) and uncomhined S()4 |^rou]»s. These ions 
are thou^dit t<j l»e electrically charf'ed, those <»f hydrof^en jiositively and the >4 
^roiijis ne^^atively. Consequeiitlj", whenever these separate ions coinhinc, the result- 
ing Ili>S<)4 molecule IS electrically neutral. Each irmlecule of 1J*_.^(>4 is being con- 
stantly de(!omposed into its ions, and these scjKirated ions are constantly recom- 
billing in other cases to form new If.2H(>4. The net result of these decompositions 
and recompositions IS that the ratio of «lecomj)osed to undecomjiosed molecules 
remains constant. 'I’he result of the union of the zinc with the negatively electri- 
fied S( )< ions is to leave it negatively electrified. The prepaulerance of jiositively 
electrified hydrogen ions in the li(juid causes it to be positively electrified. Or, 
using tlie word “ pf»t^*ntial,” which the student hfis learnt, the zinc is loft at a 
lower ]K»tential than the liquid. Ihit the zinc is in metallic (;onnection with the 
copper, whicli must also be at a lower potential than the liipiid. The positively 
electrifu d hydrogen ions hence travel towards the copiHjr jilate, wlmrc aj'l ( r {fiinv}/ 
op tlieir j)(»sii,ive charges they esciape as ffoscous hijdrofjcn. lly this means the 
current is maintained. 

We should, perhaps, be nmre accurate if we regarded the negative electrification 
ef the zinc as due, nut to the union with it of the negative iS04 ions, but to the 
departure from it, into the solution, of positive zinc ions. 
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Preventionof Polarisation by Chemical Means- 1. Daniell's 
Cell. — The deposition of cojtper instead of hydrofjen. In most of 
the cells in which polarisfition is prevented by chemical means 
there are really two cells, the one placed inside the otlier. The 
inner one is made of some j»orous kind of eartlienware which 
permits a slow passage through it of the li({uids on either side of 
it. In Daniell’s cell the outer vessel is of copper and serves as 
the c()p])er ])late. The outer vessel contains a solution of co])per 
sulphate (blue vitriol), the strength of which is maintained by 
jdacing some' crystals of the same sub.staiice on a tray, which 
extends round the toj) of the inside of the copper vessel (Fig. 98). 
The inner jiorous jiot contains dilute 
sulphuric acid into which dips a rod of 
amalgamated zinc. 

The chemical action, on which the 
jirod notion f)f the electric current de- 
pends, begins in the neighliourhood of 
the zinc rod, and is of precisely the 
same nature as that which has been 
seen to occur in a siniide voltaic cell. 

There is a simultaneous production of 
zinc sulphate and free hydrogen. This 
hydrogen similarly decomposing the Fkj. os.— D uuicU b Cell, 
neighbouring molecule of sulphuric 

acid results in the liberation of more hydrogen, this action being 
reproduced throughout the row of sul])huric acid molecules 
between the zinc rod and the porous vessel. The free hydrogen 
which is there formed, and which would in the simple voltaic 
cell be deposited on the copper plate, passes through the pores 
of the earthenware partition Jind conies into contact with the 
copper sulphate solution. A chemical reaction ensues. The 
hydrogen, being just liberated from combination, is in a jiarti- 
cularly active state, known as the naseent condition, and is under 
these circumstances able to effect the decomposition of the eo])per 
sulphate. We can re])resent the change which b)llows thus : — 



The free Hydrookn 


acts CoiM’KR 
upon the Solpiiate 


SULI’UITRIC 

Acid 


and 


CoiTEK. 


decoiiij)osing 
it to form 


The same reaction is more shortly expressed by a chemical 
equation : — 


Hg -I- CUSO4 = -f Cu. 
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The free copper must now be supposed to act upon the neigh- 
bouring molecule of coi)per sulphate decomposing it, forming 
copper sulphate, which contains the same proportions of the 
constituent elements of course, but not the identical atoms. 
Just as in the case of the sulphuric acid in the inner cell, so here 
in the outer, there is a series of decompositions and recomposi- 
tions, with the final result that there is eventually a deposit of 
free copper formed upon the inside of the copper vessel, but no 
hydrogen bubbles. 

The cell continues to develop an electric current at the ex})ense 
of the zinc, which is gradually dissolved. Tliroughout the passage 
of the electric current round the wire joining tlie zinc nxi and the 
copi>er vessel, there is a continuous dei)osition of metallic copper 
on the inside of the copper vessel, which consequently gets heavier 
and heavier. 

This form of cell does not give a very strong current, but the 
great advantage about it is that the strength of the current is 
very uniform. It is largely used by the Post Office authorities 
for telegraphic purposes, 

2., Bunsen’s and Grove’s Cells.— T/ie hydrogen is got rid of 

hy oxidation. The only difference between these two kinds of 
voltaic cells is that, whereas, in the former a piece of gas wirbon 
replaces the copper plate, in the latter there is a plate of plati- 
num. Owing to the cheapness of gas carbon Bunsen’s cell is the 
most commonly used. 

In Bunsen’s cell there are tw^o earthenware vessels, the inner 
smaller one is porous and is filled with strong nitric acid, into 
which the piece of gas coke C dips. The 
outer vessel contains dilute sulphuric 
acid, and in it is placed the zinc plate Z, 
which is usually made cylindrical in 
shape. The arrangement of the parts 
is easily understood by a reference to 
Fig 99. 

The chemical action begins at the 
zinc plate and the result of it is that, 
as in DanieU’s cell, free hydrogen passes 
through the porous vessel and comes 
into contact with the strong nitric acid 
contained in it. Nitric acid is remark- 
able for the large quantity of oxygen it contains and for the ease 
with which it parts with it. It is hence known as an oxidhing 
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agent. Consequently, when the free hydrogen comes into contact 
with the nitric acid the chemical change which occurs is that the 
nitric acid gives up some of its oxygen, and this coml^ines with 
the free hydrogen to form water ; or, as it is commonly expressed, 
the hydrogen is oxidised to water by the oxygen of the nitric 
acid, which is itself reditced, first to nitrous acid and eventually 
to the lower oxides of nitrogen. Thus is the free hydrogen got 
rid of. 

Leclanch^’s Cell. — Tliis cell (Fig. lOfi), which we shall describe 
because of its familiar use in houses for working electric bells, is 
different in two or three respects from 
those which have already been dealt with. 

There is no acid used in it. The liquid 
which acts upon the zinc plate Z is fi 
stdution in water of a salt called ammonium 
chloride or sal-ammoniac. The result of 
the chemical changes which take place 
when the liquid acts upon the zinc is that 
a compound known as a double chloride 
of zinc and ammonium is formed, and two 
gases, ammonia and hydrogen, are evolved. 

To get rid of the hydrogen the positive 
l)ole C of the cell, which is made of 
carbon, is surrounded with black oxide 
(►f manganese, a compound rich in oxygen. 

The carbon plate and the fragments surrounding it are enclosed 
in a jmrous ])ot P, like that of the Daniell’s cell. The hy- 
drogen which it is necessary to get rid of combines with some of 
the oxygen of the manganese compound and is changed into 
water, while the manganese compound is gradually reduced. 

Positive and Negative Poles.— In each one of the cells 
which has been described the chemical Jiction in the cell has start ed 
at the zinc plate, and has proceeded from molecule to molecule 
throughout the liquid until the copper plate, or its equivalent, 
has been reached. The plate w^here the chemical action begins, 
and the electric current starts in the liquid, is called the 
negative (-) pole. The plate where the chemical action in 
the cell is completed and whore the current starts outside the 
liquid is called the positive ( + )pole. These terms are easily 
understood by reference to Fig. 94, which represents a closed 
circuit, as it is called. If the wdres from the two plates are 



Fin. 100.— TjCoLinc'he’s 
Cell. 
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unconnected the current is said to be open, and no electric 
current circulates. 

Work done by the Current. — The only work which the 
electric circuit perforins in a closed circuit, such as is shown 
in Fig. 94, is of a useless kind, for it is completely used up in 
warming the connecting wire and the liquid. 

Expt. 187. — Connect the wires from the carbon and zinc 
poles of a Bunsen’s battery to the ends of a thin piece of 
platinum wire. Notice that when the circuit is closed the 
platinum wire becomes red hot. 

But there are many kinds of useful work which such a current 
can perform. 

Expt. 188.— Fit up a Bunsen’s cell, taking care that there is 
a bright metallic connection at each binding screw. Join the 
wires from the carbon and zinc poles respectively to the two 
binding screws of an electric bell. Notice the ringing. 

Expt. 189. — Similarly attach the wires to the binding screws 
of an electro-magnet. Notice (a) its lifting })ower, by attach- 



101.— All Eloctro-Magiiot with Amiaturu. 


ing gradually increasing weights to the hook of the armature ; 
(6) remove the armature, support the electro-magnet vei*tically, 
with the poles or ends of the magnet upwards, and place a 
sheet of cardboard, or a jilate of glass, on them. Sprinkle 
fine iron filings evenly over the cardboard or glass, gently 
tap the latter, and notice their arrangement in lines, which 
proceed radially from the jioles, and which are called linen of 
force (Fig. 102). 
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Exft. 190. — Dip the free ends of the wires into some very 
dilute sulphuric acid, contained in a beaker, and notice that 
bubbles of gas are formed on each wire. 



Fio. 103.— Linct? of Force shown by arranpremeiit. of Iron Filings upon a Glass 
I*late lying upon the poles of an Electro-Magnet. 


(hfiEF Points of Chapter XII. 

Fundamental Facts. — (1) Commercial zinc is acted upon by dilute 
sulphuric acid with evolution of hydrogen. (2) There is no such 
action when pure zinc or amalgamated zinc is used. (3) If strips of 
pure or amalganiated zinc and copper be placed in <lilute sulphuric 
acid and the metals connected outside the liquid by a copper wdre, 
the zinc is acted upon and hydrogen bubbles appear on the copper 
strip. 

Properties of the Connecting Copper Wire. — (1) The wire deflects 
a magnetic needle placed under it. (2) The wire attracts iron filings. 

(3) After a time the magnetic pow'cr of the wdre becomes feebler. 

(4) If the wires from the copper and zinc plates be dipped into 
acidulated water, instead of being joined, bubbles of gas ajipear on 
the ends of each wire. 

Potential. — The electric current passes along the wire because of 
the difference of potential between its ends. The end of the wire in 
connection with the copper plate is at a hitjher jtotential than 
that joined to the zinc plate. Potential is analogous to w^ater-lcvcl 
and temperature. 

Electro-motive Force. — Since electric currents flow from places of 
high potential to places of low potential, and the strength of the 
current is directly proportional to the difference of potential between 
the places, it is customary to speak of this difference of potential as 
electro-motive force, Ele(;tro-motivc force can be directly measure<l 
with a Quadrant Electrometc!r. 

Simple Voltaic Cell. — The arrangement of a plate of pure or amal- 
gamated zinc and one of copper in dilute sulphuric acid constitutes 
a simple voltaic cell. The hydrogen whicli collects on the copper 
])late soon stops the flow of the current. This effect is called polari- 
sation. 


o 
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Voltaic Cells in which Polarisation is prevented. — {a) By mechani- 
cal means. Smee’s Cell.— A platinised silver plate is substituted for 
the copper one. Owing to the roughness of such a plate the hydrogen 
bubbles stream off it. 

{b) By chemical means. Daniell’s Cell. — The hydrogen, instead of 
being allowed to collect, is made to act upon a solution of copper 
sulphate which it decomposes, forming sulphuric acid with it and 
liberating metallic copper. This copper being deposited on the 
coj>per plate does not interfere with the passage of the current. 

Bunsen’s and Grove’s Cells. — Here the hydrogen is got rid of by 
oxidation. This is effected by causing it to come in contact with 
strong nitric acid, which being rich in oxygen, changes the hydrogen 
into water, or oxidises it. The nitric acid is itself rednredy first to 
nitrous acid and eventually to oxides of nitrogen. In Bunsen’s cell 
a block of gas carbon takes the place of the copper plate of the 
simple voltaic cell, and in Grove’s a plate of platinum. 

Leclanch^’s Cell is the one commonl}’^ used in houses for ringing 
electric bells. The liquid used is a solution of ammonium chloride. 
The hydrogen formed by the action of the liquid on the zinc plate 
is got rid of by causing it to combine with oxygen from black oxide 
of manganese which surrounds the carbon pole. 

Positive and Negative Poles. The negative ( - ) pole is usually of 
zinc and is the one where chemical action begins and consequently 
where the electric current starts in the liquid. 

The positive ( + ) pole is the plate w^here the chemical action is 
completed and where the current starts outside the liquid. 


Questions on Chatter XII. 

1. What happens under the following circumstances : — 

(а) A piece of commercial zinc is plunged into dilute sulphuric 
acid. 

(б) Pure zinc is treated as in (a). 

(c) Pieces of amalgamated zinc and ordinary copper are placed 
parallel to one another in dilute acid and connected by a 
copper wire outside the liquid. 

2. Before fitting up a simple voltaic cell both plates are accurately 
weighed. They are weighed again after the current has passed for 
ten minutes. What differences will be noticed and how would you 
account for them ? 

3. What properties do you associate with the wire connecting the 
plates of a simple voltaic cell ? 

4. Explain as fully as you can what is meant by potential. State by 
the use of this term how it is that an electric current passes round a 
closed circuit. 

5. It is noticed that after a short time the strength of the electric 
current from a simple voltaic cell becomes very much diminished. 
How do you account for this ? 

6. Explain what is meant by the ]X)larisation of a cell. What 
devices are employed to get rid of polarisation ? 
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7. Give a description of the voltaic cells named after the following 
physicists : — 

(a) Daniell. (r) Bunsen. 

(/)) (Jrove, {d) Lcclanche. 

S. What (ihemical changes occur in a simple voltaic cell ? 

9. What is the object of the nitric acid in a Grove’s cell ? 

10. Sketch the chemical changes which occur between the zinc 
and copper plates in a Daniell’s cell. 

11. Compare the flow of an electric current with the passage of 
heat from a hot to a cold body. 

12. Describe experiments to sho^ that the electric current can do 
work. 



CHAPTER XIIT 

rJHEMTCAL CHANGE TNDUCET> BY THE ELErTRKJ CURRENT 

How the Passage of an Electric Current can be recognised. 
The Qalvanoscope. — Before jiroceeding to study tlie clieniicul 
chjiriges induced })y an electric current it is very desira)>le tJiat 
a method should he learnt hy mejins of which tln^ passage of a 
current of electricity through a circuit can easily be |)erceivt‘d. 
Expt. 191 provides such a means, and if it be modified stnnewhat 
we are in possession of a sure plan of recognising even small 
currents. 

Expt. 191. — Instead of a single wire such as was used 
in Expt. 184, substitute an arrangement like that shown in 

Fig. 103, where a light magnetic 
needle hangs inside a coil of 
wire. The effect of coiling the 
wire is, roughly, to multiply 
the effect of the single wire by 
the number of turns there is in 
the coil. Connect the ends or 
the coil with a coj)per and an 
amalgamated zinc plate and dip 
^ the plates into dilute sulphuric 
acid. Compare the effect on the 
needle in this case with that 

Fifj 103.— A Gjilvanoscopc. obtained by passing the curi*ent 

along a single wire. 

Expt. 192. — Substitute an astatic pair for the single mag- 
netic needle in the last experiment. The astatic pair consists 
of two equally strong magnets arranged parallel to one 
another, with opposite poles in the same direction, and per- 




CH. XTii CHEMICAL CHANGE BY ELECTRIC CURRENT 199 


maneiitly joined together by a suitable connection such as 
copper wire. Notice that in whatever direction the astatic 
pair points there is no disposition for it to change this 
direction ; whereas the single magnetic needle will only rest 
in one direction, called the magnetic meridian. Of course, if 
one of the needles is magnetically stronger than the other 
they will not exactly counterbalance one another. 

Expt. 193. — Arrange the astatic pair and a coil of wire as 
in Fig. 105. Notice that a very slight current, such as that 



Fin. 104.— An Astatic Pair of Mag- Pio. 105.— An Astatic 

netic Needles. Galvanoscope. 


obtained by dipping a brass pin and a steel needle into dilute 
sulphuric acid, is enough to cause a deflection of the needle. 

The Passage of the Electric Current through Liquids.-- 

Expt. 194. — Fit up a Bunsen’s cell for the generation of an 
electric current. Attach pieces of platinum foil, by means of 
suitable binding screws, to the ends of two copper wires. 
Attach one of these wires to one pole of the battery. Connect 
the other pole to one of the binding screws of a simple galva- 
noscope, and to the other screw of the galvanoscope attach 
the remaining wire with the platinum plate on the end (see 
Fig. 107). Dip the platinum plates — Ist, into some mercury, 
and notice there is a great deflection of the needle of the 
galvanoscope and no alteration of the mercury ; 2nd, into 
some turpentine, and notice there is no deflection of the 
needle ; 3rd, into some acidulated water, and notice there is a 
smaller deflection than in the first case, and at the same time 
there are bubbles of gas given off from both platinum plates. 

Ist Case. Passage of the Cm'ient thrmifh Mermry . — The 
student will shortly learn (Chap. XIV) that mercury is one of 
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the chemical elements, and that it is so regarded because it can 
neither be decomposed by the passage of an electric current nor 
by any other known methods. The great deflection of the 
needle of the galvanoscope reveals the fact that a considerable 
current ])asses through its coil of wire, hence we say that mercury 
is a good conductor of the electric current, or exi)ressiiig the 
same truth in other words, that it offers very little resistance to 
the flow of the current. 

Similarly, it would be found that other metals, when in the 
liquid condition, which they can assume if the temperature is 
raised sufficiently, are also good conductors of the electric 
current. 

2nd Case. Passage of the Current through Tur2ientine.—T\niTe 
is in this case no deflection of the needle of the galvanoscope ; 
it is therefore evident that no current passes through the coil 
of wire round the needle, and since the battery is arranged 
precisely as in the previous experiment with the mercuiy, the 
explanation must be that the turj)entiiie prevents the flow of 
the electric current round the circuit. Turpentine is conse- 
(juently known as a non-COnductor) a class of bodies which also 
includes such liquids as petroleum and other oils. 

3rd Case. Passage of the Current through Acidulated Water . — 
Here we have the current conducted and the li(j[uid decomposed 
by the passage of the current. This is the condition of things 
in all liquid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and we 
shall have to study this case more fully. 

Electrolysis of Water. — Pure water is a very bad conductor 
of the electric current, and hence, as in Expt. 245, it is necessary 
to add a drop or two of acid to make it conduct. To understiind 
exactly the result of the passage of the electric current, some 
means must be devised by which the gases which appear at the 
platinum plates can be collected. Such an arrangement con- 
stitutes what is known as a voltameter. [This piece of apparatus 
wiU be again referred to later on (Chap. XVI).] A convenient 
pattern to use for the decomposition of water consists (Fig. .106) of 
a glass vessel in the bottom of which are fixed two slips of 
platinum connected, by means of copper wires, with two binding 
screws. Before connecting the binding screws with the poles of a 
battery, acidulated water is poured into the vessel and two glass 
tubes, of exactly equal size and carefully divided into equal 
volumes by divisions etched on the glass, are completely filled 
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with acidulated water and inverted over the platinum plates, 
as shown in tlie illustration. When the })inding screws are 
connected with the poles of a battery, consisting of two or three 
Bunsen’s cells, bubbles of gas are immediately seen to appear on 
the platinum plates, and in a few minutes it will be obser^^ed 



PiQ. IOC. — Electrolysis of Water. 


that a quantity of gas has collected in each tube. If we allow 
the electric current to pass round the circuit for 15 or 20 minutes 
and then measure the volume of the gas which has collected in 
each tube, it will be found that the tube over the platinum 
jdate which is connected with the zinc pole of the battery con- 
tains twice as much gas as that over the plate connected with the 
carbon pole. Moreover, if the bottom of the tube contfvining 
the larger amount of gas be covered with the thumb and the 
tube be lifted out of the liquid, inverted, and a light applied to 
the gas, it will be found to bum, showing it to be hydrogen 
(Chap. XVI). Similarly, if a glowing splinter of wood be 
plunged into the other gas it will be rekindled, showing it to be 
oxygen. Hence we see that the passage of a sufficiently strong 
electric current through water causes it to be decomposed into 
hydrogen and oxygen, and that twice as much hydrogen by 
volume as oxygen is formed. Or, 


w rriru decomposed by the Hydrogen 
^ electric current into [2 vols.] 


and 


Oxygen 
[ 1 vol.] 
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a fact which can be at once simply expressed by chemical 
symbols : — 


Terms used in describing Electrolysis.— It is customary in 
speaking of the decompositions effected by the electric current to 
use certfiin terms originally adopted by Faraday. The li(j[uid 
which conducts the electric current, and is itself decomposed, is 
known as the electrolyte ; the platinum plates in the voltameter 
described, or, generally speaking, the ends of the wires coming 
from the poles of the battery, are called electrodes. Names are 
given to each of these to distinguish them. That by means of 
which the current enters the electrolyte, or what is the same 
thing, the electrode in connection with the carbon pole of a 
JUmsen’s battery, or the positive ( + ) pole of any battery, is 
called the anode. The electrode by means of which the electric 
current leaves the electrolyte or that in connection with the 
zinc or negative ( - ) pole of the battery, is called the kathode. 
The atoms into which the molecules of the electrolyte are 
decomposed are referred to as ions. Evidently the ions are 
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invisible during their passage through the electrolyte. Those 
ions which collect at the anode are spoken of as anions, those 
collecting at the kathode are called kathions. It Avill be clear 
to the reader that the direction in which the kathions move 
through the licjuid is that which we have spoken of as the 
direction of the current, namely, from the anode to the kathode 
(Fig. 107). 
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Electrolysis of Copper Sulphate.— Expt. 195. -Make a 
strong solution of copper sulphiite (blue vitriol) in water. I*oui* 
some into a beaker. Dip two platinum ])lates connected by 
copper wires, as previously described (Expt. 194), into the 
solution and notice that after a few minutes a dei)osit of copper 
is found on tlie kathode, and that bubbles of gas (which if col- 
lected and tested are found to be oxygen) are seen to rise 
from the anode. 

The passage of the electric current through copper sulphate is 
most easily expressed by means of chemical symbols, and we 
shall consequently suppose the reader has studied the section 
dealing with such symbols before attempting to understand this 
description. Copper sulphate is constituted as sliown in the 
formula CuSO^. The effect of the passage of the electric current 
is to cause it to decompose according to the etj nation into co]>per 
and tile group of elements, SO 4 , which is, however, immediately 
acted U])on by the water in which the blue vitriol is dissolved as 
shown in the second eejuation : — 

Cu804 = Cu + S 04 

Hence we see that there is a continual withdrawal of metallic 
cojiper from the solution by the passage of the electric current, 
and the li<|uid is gradually converted into sulphuric acid. This 
can 1)0 demonstrated by its effect on a piece of blue litmus 
jiapcr. 

If instead of having two platinum plates as electrodes we 
substitute copper plates, we have a slightly different state of 
affairs. 

Expt. 196. — Arrange the apparatus as described in Experi- 
ment 195, substituting copper plates for the platinum ones 
there used, and w’^eigh the copper electrodes before passing 
the current. After the current has passed for, say, ten minutes, 
break the circuit and weigh the electrodes again. Notice the 
anode has lost in weight by a certain amount, and that the 
kathode has increased in w^eight by the same amouiU. There is 
no evolution of oxygen. 

Secondary Results. — The evolution of oxygen which is 
noticed in Expt. 195 is a result of what is known as a secondary 
kind. The liberated group of elements, SO 4 , is the first effect of 
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the passage of the electric current, but, as we have seen, this 
immediately reacts with the water present and oxygen appears at 
the anode. In the next illustration of the chemical action of the 
electric current we have two secondary products formed. 

Electrolysis of Sodium Sulphate.— Expt. 197. — Make a 
strong solution of sodium sulphate (Glauber’s salt), Na 2 S 04 , in 
water. Place a porous pot out of a Bunsen’s cell into a large 
beaker. Pour some of the sodium sulphate solution into the 
porous vessel and also fill the beaker to the same height with 
the solution. Colour these portions of the solution with litmus, 
and then redden the solution in the porous vessel by the addition 
of a drop or two of acid. Plunge platinum electrodes into the 
solution ; one in the porous vessel and the other in the beaker. 
Connect that in the former with the zinc or - pole of the battery 
and that in the beaker with the carbon or + pole. After a 
time it will be noticed that the solution in the porous vessel 
becomes Idue, while that in the beaker turns red. It will also 
be noticed that gases are given off at each electrode ; that from 
the one in the porous vessel will, if collected and examined, be 
found to be hydrogen, that from the other electrode oxygen. 

Explanation of Electrolysis of Sodium Sulphate.— The 

experiment really consists of three chemical reactions. First 
the sodium sulphate is decomposed, as the following equation 
shows : — 

Na2S04 = Na2 + SO4. 

But at the moment of their liberation the two groups, Na 2 and 
S() 4 , are acted upon by the water in which the salt is dissolved. 
As the student will learn, sodium acts upon water, forming sodium 
hydrate and liberating hydrogen, a change which is most simply 
expressed by an equation : — 

Nag -f 2 H 2 O = 2NaHO + Hg 
sodium 
hydrate. 

It is this hydrogen, which is the result of a secondary reaction, 
which is liberated at the kathode. The sodium hydrate, being 
alkaline, has the power of turning reddened litmus blue again, a 
phenomenon which was observed in performing the last experi- 
ment. 

The third reaction which takes place is the action of water 
upon the liberated group, SO 4 , which has been described in the 
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electrolysis of copper sulphate. It accounts for the reddening of 
the solution in the beaker and for the evolution of oxygen which 
takes place at the anode. 


Chief Points of Chapter XIII. 


The Galvanoscope is a convenient apparatus for recognising the 
passage of an electric current. 

The Passage of the Electric Current through Liquids.— 

(fi) Liquid metals conduct the current without being decom- 


(/>) Certain liquids, like turpentine, will not conduct the electric 
current and are consequently not decomposed by it. 

(r) Compound liquids, which, like acidulated water, conduct the 
electric current, are decomposed by its passage. 

Electrolysis is the term used to refer to condition (r) above. It 
means the process b3^ which electric currents pass through compound 
liquids and so cause them to be decomposed. The liquid which 
conducts the electric current and is itself decomposed is known as 
the electrolyte. 

The ends of the wires coming from the poles of the battery arc 
called electrodes, that by which the current enters the electrolyte is 
known as the anode, that by which it leaves the kathode (or cathode). 

The atoms into which the electrolyse is decomposed are called ions. 

The ions which collect at the anotle are the anions ; those which 
collect at the kathode the kathions (or cathions). 

Electrolysis of Water, HoO— 

^ is decomposed by the Hydrogen , Oxygen 
electric current into [2 vols.] [1 voL] 


a fact which can be at once simply expressed by chemical symbols : — 
HjO^Ha + O. 

Electrolysis of Copper Sulphate, CuSO^.— First, the copper sul- 
phate is broken up into copper and the group of elements SO^, 
thus : — 

CuS 04 =Cu + S04 

Then a secondary reaction takes place between the group of 
elements SO4, and the water in which the copper sulphate is 
dissolved : — 

S04 + H20=H2S04-f-0. 


The final result is that copper is deposited at the kathode and 
bubbles of oxygen are evolved at the anode. 

Electrolysis of Sodium Sulphate, Na.^S04. — First, the sodium 
sulphate is decomposed into sodium and the group of elements SO4, 
thus ; — 

Na.jS04 = Naj + SO4. 

This decomposition is followed by two secondary reactions : the 
sodium at once acts upon the water present forming sodium hydrate 
and evolving hydrogen : — 

Na,+ 2HaO=2NaOH + H8; 
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and the group of elements, SO4, reacts with water as described in 
the case of the electrolysis of copper sulphate. The final result 
is tliat hydrogen is evolved at the kathoile and oxygen at the 
anode. 


Questions on Ciiaptkk XIII. 

1. Describe fully what takes ijlace when each of the following 
li(piids is included in a circuit round which a strong elcctri(j 
current is circulating : — 

{a) Li(piid mercury. 

(b) Petroleum. 

(r) Acidulated water. 

2. What means wouhl you adopt to recognise the passage of an 
electric current through a wire ? 

3. What do you understand by electrolysis ? Give an account of 
the electrol 3 \sis of water. 

4. Explain the terms : — ehjctrolyte, anode, kathode, ion. 

5. What happens precisely when an elective current is passed 
through a solution of c()]jper .sulphate in water. What appears at 
the anode, and how do you iwcoiint for its appearance ? 

6. Explain by the aid of (chemical .symbols the various ehemical 
changes which take place during tlie pa.ssage of the electric current 
in the last (juestion. 

7. Write a short essay on the electrolysis of a solution of sodium 
sulphate. 

8. Clearly explain the appearance of hydrogen at the kathode 
when an electric current is jiassed through a solution of Glauber's 
salt. 

9. After the pas.sage of an electric taxrrent through a solution 
of .sodium sulpliate, the licpiid round the anode is found to turn 
a blue litmus paper red. Explain this. 



CHAPTER XTV 

INTRODUCTORY. -SIMULK CHEMICAL OPERATIONS 

Physical and Chemical Changes. -Matter is subject to two 
kinds of change. Hitherto we have been chiefly concerned with 
those which influence the pro})ei*ties of matter, leaving its com- 
jjosition unaltered. It has l)een seen that a body, such as a 
])iece of iron, may gradually increase in temperature, changing 
from cold iron to hot, and, becoming hotter and hotter, may 
change in ct)lour, passing from a dull gray to red, and from 
red to almost white, becoming incandescent and emitting 
light rays. But if left to itself the iron will begin to cool, 
passing through the same changes in the reverse order until it 
reassumes precisely the former condition ; and in all these 
changes the weight of the iron remains unaltered. Or, 
again, we might take a piece of soft iron, and, having wound 
silk-covered copper wire round it several times, pass an electric 
current through the wire. It would be found, on examining 
the iron, that new properties had been imparted to it, that it 
was now able to pick up other pieces of iron, or had become 
magnetised. If the electric current be discontinued, the new 
])ower, too, disappears. Such changes as these, where the 
substance or composition of the body remains unchiinged, are 
known as physical changes. On the other hand, if a piece of iron 
be left exposed to damp air for some hours it becomes covered 
with a reddish-brown powder, which the most superficial exami- 
nation will show is a different substance from the iron with 
which we started. There are a very large number of changes of 
the same kind as this continually taking place around us. 
When gunpowder explodes, we have an abundance of smoke 
formed and a black residue left behind, and it is easy to see that 
the smoke and deposit are quite unlike the gunpowder before 
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the flash. Such changes as these are called chemical changes. 
It is with changes of this second kind that Chemistry is con- 
cerned, and we may define this science thus : Chemistry is that 
branch of knoioledge which deals 'tvith chemical changes ; those, 
namely, which result in the formation of new substances tvith new 
properties. 

Chemical Elements. — The result of a large number of ex- 
periments made from time to time by different chemists has been 
to show that there are upwards of seventy different forms of 
matter which can by no known methods be broken up into 
anything simpler. By this is meant that if any one of these be 
selected and treated in any way with which chemists are familiar 
— for examjde, if it were subjected to a very high temperature — 
wo should find it impossible to get anything having properties 
different from those of the substance itself ; bodies of this 
simple kind are called elements. 

But it must be carefully borne in mind that, as the methods 
which chemists adopt become more and more refined, it is quite 
likely that some of these may be found to be wrongly regarded 
as elements. Up to the time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split up into simpler constituents. 
From soda he obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of course, soda could 
not be regarded as an element. Similarly, if at any future 
time it should be found that any of the forms of matter which 
we call elements can be split up into simpler bodies with different 
properties, the element which is thus decomjjosed will have to 
be struck off the list. 

A list of the substances now regarded as elements is given at 
the end of Chap. XIX. 

Metals and Non-Metals. — A good many of these substances 
are possessed of certain distinctive characters in which they 
resemble one another. They have a bright lustre, a high specific 
gravity {see p. 96), are good conductors of heat and electricity, 
and are known to chemists as metals. There is no difficulty in 
deciding in a large number of instances that the substances 
possess the characters of a metal, and the student will imme- 
diately think of gold, silver, copper, iron, &c. Other bodies, 
however, are quite as plainly not of this class ; they have no 
lustre, they are not heavy, nor do they conduct heat and elec- 
tricity well. These are spoken of as non-metals, and phosphorus; 
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sulphur, *111(1 carbon will serve ;is gooil instances. But the line 
between the two clasvses is not a hard and fast one, for one or 
two substances possess some of the properties which distinguish 
a metal, and yet for other refisons, which the student will under- 
stand better later, are not classed with the metals, but with the 
non-metals. Arsenic may be cited as an instance of a substance 
which possesses properties common to both classes. 

Chemical Operations. — A number of chemical operations .ire 
so frequently employed, th«it it will be well at once to familiarise 
ourselves with them, and we may do this by the following ex- 
periments. 

Expt. 198. — Place a piece of sugar in water, and note that it 
soon disappears, and gives a sweet taste to the whole of the 
water, so that the particles of the sugar must be spread 
through the entire mass of the water. 

The sugar is s*iid to have dissolved and formed a sohitvm of 
sugar. Similarly, a very great number of substances can dis- 
solve, or are soluble, in water, but not all to the same extent, 
and when no more of the substance can be dissolved the solution 
is said to be saturated. 

Expt. 199. — Weigh out 50 grams of each of the following 
substances : — finely powdered nitre, sugar, salt, and to each 
add water, in small quantities, with vigorous shaking after 
each .addition. Determine thus the quantity of water neces- 
sary to form a saturated solution of each. 

Solution is a Physical Change.—ExpT. 200.— Weigh out a 
(quantity of s.ilt in an evaporating basin .and dissolve it in 
w.ater. Heat gently over a Bunsen burner so that the water 
boils and evaporates .aw.ay completely. Note that .a white 
solid remains in the basin, and again weigh. Satisfy yourself 
that the weight is equal to the weight of the basin and salt 
before solution, and that the solid left is still salt. 

Hence during solution^ we have in general no chemical 
change^ but merely a change of physical stiite, although we 
shall find later that in certain cases solution may be accompanied 
by chemical changes. 

By very gently warming water or other liquid, or even by 
allowing it to remain exposed to the air for some time, the liipiid 

1 Tho net of Holution is i)OW wmiinoiily spoken of us dissolution, the term soln- 
tion being restricted to the product formed by thi* dissolution. 
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passes off as vapour without actually boiling, as the student may 
readily see by a simple experiment, and we si)eak of this as 

evaporation. 

Distillation. — We also see that we can by the evaporation of 
the solvent, i.p. the Ihiuid in which the solution takes place, 
separate it from the dissolved substance, and this is very 
frec^uently used not only for obtaining the dissolved sul>stance 
but also for the purification of li({uid from dissolved solid 
material, since if the steam which is fonned by boiling water 
containing any of these dissolved subst^inces be condensed, the 
water formed is quite pure. To obtain pure water from any 
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kind of water, then, whether fresh or salt, all that has to be done 
is to boil it and condense the steam which is given off. The 
dissolved materials are all left behind in the vessel in which tlie 
boiling takes place. An arrangement for condensing steam or 
vapour is shown in Fig. 108. The steam that is driven off from 
the water in the flask passes through a long tube kept cool by 
being surrounded with water, and is thus condensed. 

Expt. 201. — Evaporate a little distilled water- in a platinum 
or porcelain crucible. Notice the absence of any residue. 
Repeat the experiment with tap-water, and note the residue. 
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Sepaxation of Solids. — Filtration. — We may also use the 
solvent power of water to separate solids which are insolulde from 
those which are soluble. 

Expt. 202. — Mix well together some fine sand and salt ; 
place the mixture in a glass flask with sufficient water to dis- 
solve the salt, and shake vigorously. Take a circular piece of 
filter-paper and fold it in two, in the form of a semicircle, then 
again to the form of a (juadrant ; open out into the form of a 



hollow cone and fit it into a glass funnel (Fig. 109). Pour the 
liquid through this filter and note that the solution of .salt runs 
through perfectly clear leaving the insoluble sand in the filter 
paper. Evaporate off the water from the salt solution and 
obtain the salt. 

The above method of filtration is that which we usually adopt 
in chemical operations when we wish to separate insoluble sus- 
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pended material from a liquid, either for the isolation of the solid 
or the purification of the liquid. 

Solvent Power of Hot and Cold Water.— We may now 
find whether temperature has any influence on the solvent 
power of water, that is, does hot water dissolve more or less of a 
solid than cold water ? 

Expt. 203. — Place a quantity of powdered nitre in water 
and allow it to stand for some time with frequent vigorous 
shaking, so that a cold saturated solution is formed. Now 
heat the solution and see whether more solid dissolves 
or not. 

Do the same experiment with other solids and satisfy yourself 
of the truth of the following statement, that in general hot 
water dissolves more of a solid than cold water, or in other w^ords, 
that the solvent powder of a Ihjuid increases with rise in tem- 
perature. 

Crystallisation.— Expt. 204. — Allow a hot saturated, or 
nearly saturated, solution of nitre obtained as above to cool 
slowly, and observe that the nitre separates out from the solu- 
tion as clear glassy solids, which may be observed to increase in 
size as the solution cools. Examine a few of these and see that 
they are bounded by plane surfaces. 

These are known as crystals and their formation as crystallisation. 
Crystallisation usually occurs when a dissolved solid separates 
out from its solution, either by cooling of the stdution, or by the 
evaporation of the solvent; and the slower the evaporation, or more 
gradual the cooling, the larger and more perfect are the crystals 
obtained. This may be easily verified by rapidly cooling, in a 
stream of cold water, a hot saturated solution of nitre. We 
shall also find later that crystals may also be formed during the 
solidification of a melted solid, especially when it is allowed to 
cool and solidify slowly and undisturbed. 

Precipitation. — Expt. 205. — Dissolve some lead acetate in 
distilled water ; add to it a solution of salt. Observe the form- 
ation of a white powder in the previously clear liquid. 

Such precipitation always happens if to a solution we add some 
material capable of converting the dissolved substance into a new 
product which is insoluble in water, and which therefore separates 
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out as a powder. This insoluble powder is called a prec'iiniate^ and 
is said to be in'ccipitaled. 

Solution of Liquids. — Expt. 206.— Shake up a little water 
and ether. Observe the separation into two layers ; ether 
above and water below. Pour the mixture into a funnel the 
bottom of which is closed by your finger. Allow a little of 
the lower li(iuid to run into a test-tube. Insert into the tfist- 
tube a cork fitted with a glass tube. Boil the licjuid and apply 
a light to the tube, and observe that an inflammable gas is 
at first evolved, but after a while only steam passes off. 

The lower layer of water hence contained a quantity of dissolved 
ether, while it may be also proved that the upper layer of ether 
contained dissolved water. 

Expt. 207. — Add alcohol to water, and shake. Observe that 
they do not separate into tw'o layers, but form one licjuid. 

When liquids, as in the case of alcohol and water, form one 
homogeneous li<j[uid, they may be said to be mutually soluble in 
all proportions. In such a case the licjuids are said to be vmciblc 
or t<j with one another. 

Hence ether and water are mutually soluble but do not mix. 
Mixtures and Compounds. — Substances which contain more 
than one element may bo either compounds or mt^tuve.% and 
the difference between these will be best understood by perform- 
ing the following experiment : — 

Expt. 208. — Mix together some copper filings and powdered 
sulphur, and examine the result, which is a mixture of copper 
and sulphur. See that its colour lies between the yellow' of 
sulphur and the red of copper, and that the particles are 
quite distinct. Wash a little in a gentle stream of water, and 
observe that the sulphur gets washed away more readily than 
the copper, leaving the latter as a residue. Shake up with a 
little of the licjuid known as carbon disulphide, and see that 
the sulphur dissolves but the copper is left ; })our off the 
solution and allow it to evaporate, and observe that the 
sulphur is loft. 

Now again mix the two ingredients in a porcelain crucible, 
using a weighed (quantity of copper, and lieat either in the 
open air or in a draught cupboard. Observe that the sulphur 
melts and some burns away. Add more sulphur, and again 
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heat until no more sulphur burns away, and do this three or 
or four times. Weigh the product so obtained, and then 
examine it carefully. Try to separate the suli)hur and coj)per 
by washing, and try to dissolve the sulphur out by carbon 
disulphide. You will now find that you cannot se})arate the 
two components, neither can you distinguish the individual 
particles. 

The substance so formed is a compound of copper and suljdiur, 
so that during the heating a change has taken place, with the 
formation of a new substance with pro])erties of its own. This 
is an example of a chemical change- -the result of chemical 
action. The new substance is a chemical compound. If you 
have taken the weight carefully you will have also found that 
10() ])arts of copj)or form, roughly, 125 parts of the compound, 
that is, unite with 25 of sulphur, and the result does not depend 
(HI the actual weight of copi)er and sulphur used, all excess 
of sulphur over this being always burnt away. We thus find 
the following differences between a mixture and a compound : — 
MIXTURE.— In a mixture the components exist side by 
side and can be separated by simple mechanical methods. 
The ingredients may be present in any proportions, and the 
properties of the mixture are intermediate between those 
of the constituents. 

COMPOUND.- In a compound the components cannot be 
separated by the simple means available in the case of 
mixtures. The properties of the compound are quite differ- 
ent from those of the constituents, and these constituents 
are always present in certain definite proportions which for 
each compound are invariable. 

In all cases of chemical action it is most imporbint to remember 
that the tobd weight remains absolutely unchanged, that is, the 
total weight of all the products is exactly ecjual to the total 
weight of all the components forming these products. 

Ciiijjp Points of Chapter XIV. 

Physical Changes are tliose in which the composition of the body 
experiencing the cliange remains unaltered. The science concerned 
with these changes is called Physics. 

Chemical Changes are those which result in the formation of new 
substances with new properties. The study of such changes is 
called Chemistry. 

Chemical Elements are kinds of matter which can, by no known 
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meiins, be broken up into anything simpler. They can be sub- 
divided into metals and non-metals. 

Chemical Operations. — Solutionis the process by which some sub- 
stances, when placed in water or other liquids, disappear and their 
particles spread through the entire mass of the water or other 
liquid. 

When no more of the substance will dissolve the liquid is said to 
be sat'uraied. Solution is generally a physical change and is 
unaccompanied by any changes of weight. 

Distillation is the process by means of which we are able to 
separate the dissolved substance from the solution containing it. 
The li(]uid itself is recovered >)y condensing the vapour. 

Filtration (jonsists in utilising the porosity of unglazed paper or 
other material for separating insoluble substances from solutions 
with which they are mixed ; or, it is a means of purifying liquids 
and isolating solids. 

Crystallisation denotes the separation of a dissolved solid in masses 
having l egular shajies from a solution as the liquid evaporates or cools. 
The regular solids formed are called crystals. 

Precipitation means the formation and separation of an insoluble 
substance from a solution. 

Compounds and Mixtures. — 
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In a mixture the components exist side by side and can be sepa- 
rated by simple mechanical methods. The ingredients may be 
present in any pro])ortion and the properties of the mixture are in- 
termediate between those of the constituents. 

In a compound the components cannot be separated by the simple 
means available in the case of mixtures. The properties of the 
(!ompound are (juite different from those of the constituents and 
those constituents are always present in certain definite proportions 
which for each compound are invariable. 

Questions on Chapter XIV. 

1. How may muddy water be (a) made clear, (6) purified from 
dissolved material ? 

2. Explain the differencjcs between a mixture cand a compound. 

3. What do you mean by a “ physical ” and what by a “ (/nen ical ” 
change? If a substance changes under the inhuence of heat how 
would you endeavour to find out whether the change is chemical or 
merely physical ? 

4. A mixture of salt and powdered glass is given to you. How 
could you (a) obtain separately the two constituents, [h) find the 
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quantity of each in the mixture ? Could you separate sugar from 
salt in the same way ? 

5. What do you mean by a saturated solution ? How would you 
prepare a saturated solution at a given temperature ? What is 
generally the eflect of cooling a saturated solution ? 

6. A white powder is shaken iiji with water. How would you 
ascertain whether any of it dissolve's ? 

7. What is meant t>y the statement that two liquids mix ? Give 
examples. Can a liquid be soluble in another liquid without being 
capable of mixing ? If so, give an example. 

8. How may fresh water suitable for drinking be obtained from 
sea water ? 

9. By what means would you endeavour to find the quantity of a 
given solid which a given quantity, say 1 gallon, of water is capable 
of dissolving? 

10. What is meant by “ precipitation?” Under what circumstance 
may precipitates be formed in a liquid ? 

11. How would you endeavour to obtain large crystals of alum? 

12. Describe an experiment to show the solubility of ether in 
water. 

13. Sand and salt are stirred up in a bottle containing water in 
which some gas is dissolved. What methods would you use to recover 
the sand, salt, and gas from the water ? 

14. Give examples of the solvent power of water. How could 
you determine whether a sample of water contained dissolved solid 
matter ? 

15. Describe the apparatus you would employ to obtain water 
free from dissolved substances. 

16. State in general terms the difl’erences ol)servable between a 
mixture and a compound of any two substances. 

17. Explain the terms Mixture and Compound. How could you 
show that copper and sulphur (or iron and sulphur) can exist to- 
gether, either as a mixture or as a chemical compound ? 



CHAPTER XV 

THE ATMOSPHERE 

Chemical Action. —In the study of Chemistry it is advisfible 
to start with common and well-known substances, and to 
examine these as far as possible. The knowledge so obtfiined 
is then of service in the further study of other and less common 
substances. First, therefore, from its imi)()rtjmce and its uni- 
vci*sal presence, we shall investigate the atmosphere. The physical 
pro[)erties have already been studied. We know it to be a gas 
possessing weight and capable of exerting pressure (p. 108). We 
have now to study its chemical properties. What is it composed 
of i IIow does it behave towards other substances ? To answer 
these (questions it will be necessary to carefully study the changes 
which diflerent substances undergo when exposed to the iiiHuence 
of the atmosphere, selecting at first those changes which appear 
simplest. Of these the rusting of metals — say, iron— may be 
chosen. The first problem to be solved is, what is this rusting '( 
Does the iron lose, or give up, anything ? Or, on the contrary, 
does it gain anything ? To answer these questions the following 
experiment should be done. 

Expt. 209. — Weigh carefully a watch glass with some iron 
filings or tacks, add a few drops of water (since we know that 
iron rusts best in the damp) and allow it to stand. At the 
end of a few days warm gently to drive off the water, and 
when quUe dr\i again weigh, and note ctirefully the weight. 
Has the iron gained or lost ? 

If the weights have been wirefully taken, it will be found that 
the iron has gairied, and the experiment has furnished the neces- 
sary answer, so that we may write : — 

Iron gains in weight during rusting. 
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Now we must ask — Did the gain come from the water we 
added, or from the atmosphere ? To answer this question it will 
be necessfiry to allow the iron to rust in a closed space, so that if 
anything is taken from the air we can notice it. 

Expt. 210. — Place some iron filings in a muslin bag and tie 
the bag to a piece of glass rod. Moisten well (better dip in a 
solution of sal ammoniac) and ])lace it in a bottle of air in- 
verted over water (Fig. 110). Examine after a few days. It 

will be seen that the water has 
risen in the glass, showing that 
some part of the atmosphere has 
been abstracted by the iron in 
rusting. 

Expt. 211. ~ Tightly place your 
hand on a card under the mouth 
of the jar so as to allow no water 
to escape, set upright and place 
a burning taper into the jar. 
Note what happens, but do not 
throw away the water. 

The taper being extinguished 
])roves to us tliat the gas left in 
the jar differs from air in the respect 
that it does not allow substances to bum in it. Hence the 
material taken away from the air by the iron, and which with 
the iron formed rust, is that part of the air which is concerned 
in burning, and we may state : — 

Iron in rusting gains weight, taking some material from 
the air, and this material is the part of the air concerned in 
burning. 

Exi*t. 212. — Next measure in a graduated vessel the (quantity 
of water in the bottle. This is e(|ual to the quantity of gas 
which has been used by the iron. Also measure the (juantity 
of water the bottle holds. This is the quantity of air it origin- 
ally held. 

Chemical Composition of Air. — It will be found by re])eating 
the experiment with different bottles at different times, and with 
different quantities of air, that the ratio of these two volumes is 
always roughly 1 : 5, and is independent of the size of the bottle. 



Fi(5. 110.— Action of Iron Filings 
on Air. 
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&c. Hence it is clear that this gives us the proportion of the 
adire j)art of the air, and we may sum up the result of the 
ex})eriiiient as follows. 

Air contains 80 })cr cent, inadive part, which does not allow 
things to burn in it, so that the remaining 20 per cent, must be 
the part concerned in burning, and which we have called the adive 
pari. To the imidive part we shall henceforth give the name 

Nitrogen. 

This gas nitrogen is an examjde of a veiy inert element, since 
it C{\n only with difficulty be made to combine with any other 
element. It does not burn, nor will it allow other substances to 
burn in it ; or, as usually expressed, it does not snppoi't com- 
hndion. It can be made to unite with a few metals, as magnesium 
or lithium. If either of these be heated with nitrogen the gas is 
abs(jrbed and a compound of magnesium and nitrogen called 
magnesium nitride, or lithium and nitrogen called lithium 
nitride, is obtained. 

If the nitrogen obtained in Experiment 210 be thus heated with 
one of these mebils it is found that about 1 per cent, of it remains 
unabsorbed. This residue is another substance present in the 
atmosidiere to the extent indicated, and called Ajrgon. Argon 
is also very inert, more so even than nitrogen. Owing to this, 
even until the year 1894, its presence in the air had been 
comj»lctely overlooked, although, nearly a century before, the 
eminent chemist Cavendish had unknowingly obtained some, 
regarding it as an impurity which he had overlooked — an 
example of the importance of giving attention to the minutest 
details in scientific investigations. 

The Active Constituent of Air. — We must now endeavour 
to obtain and examine the active part of the air which dis- 
a[)i)eared during the rusting of the iron. Knowing that it is 
now present in the rust, the most evident plan would be to 
endeavour to obtain it from this source. The ease with which 
iron rusts, that is, the readiness with which it tjikes uj) the 
active ])ai*t of the air, should indicjite that it would prolwbly be 
very difficult to obtain it from this source, and that some other 
rust which is more difficult to prepare would probably be better 
for our purj)ose. The most convenient is the rust of mercury, 
which is a red j)owder not easily formed. It can be obtained 
if mercury is heated for a considerable time in air, when it 
forms as a red scum u})oii the surface of the metal. The changes 
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which occur when this rust is heated should be carefully de- 
scribed in a notebook. 

Exit. 213. — Place some of the mercury rust (known as red 
oxide of mercury) in a tube of hard glass closed at one end, 
and heat strongly. Notice the darkening of the i)owder, also 
the dark deposit which collects round the inside of the tube 
above the powder. Place into the tube a splinter of wood 
which has been just extinguished and is still glowing. Note 
that it glows more brightly, or even bursts into Hame. Allow 
the tube to cool, and notice that the powder returns to its 
origmal colour. With a piece of wood or glass scrape off the 
dark deposit from the walls of the tube. It is seen to be bright 
metallic quicksilver or mercury. 

What has this experiment taught ? It has shown that by 
heating the rust of mercury we obLiin mercury itself, and a gas 
in which wood bums more brightly than in air. Is this what we 
should expect to find supposing we have obtained the active jxirt 
which we hoped to get ? It certainly is, for we have found that 
the gas occupying the other four-fifths of the air does not supi>ort 
combustion at all, and thus acts as a diluent. Conse(juently the 
active part itself would be expected to support combustion very 
vigorously. 

Absolute proof is, however, forthcoming. It may be proved, 
by weighing, that the weight of the original mercury is equal to 
that left after the experiment, provided that all the rust is decom- 
posed and no mercury is lost. This shows that the gas escaj)ing 
from the rust is the same gas as that taken from the air. This 
gas is called Oxygen, and the change may be thus stated: — Oxide 
of mercury, when heated, decomposes into mercury and 
oxygen. 

Preparation and Properties of Oxygen.— As the quantity of 
oxygen obtained by the above method is comparatively small, 
and the oxide is expensive, a more convenient source of the gas 
is a white crystalline powder called Potassium Chlorate. 

Expt. 214. — Place a little potassium chlorate in a test-tube 
and heat. Observe that the mass crackles, melts, and gives 
oft' a gas. 'I'est by a glowing match, and see that the gas is 
oxygen. The gas is, however, given oflf more readily, and 
without fusion, if a little manganese dioxide is added to the 
chlorate. By this means we can collect some jars of the gas. 
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Expt. 215. — Fit a delivery tube H to a flask A, and in the 
flask put a mixture of potassium chlorate and manganese 



Fio. 111. — Preparation of Oxygen. 


dioxide. Let the end of the delivery tube dip under water 
conbiined in the trough 0. Fill five jars with water and 


iiiveit tliem in the trough. Heat 
the flask, and wlien the gas is 
being evolved place the mouth 
of the jar D over the end of the 
tube so that the gas dis]daces the 
water. When all the jai*s are 
full tiike out the delivery tube 
from the water, and leave the 
flask for further examination. We 
must now examine the gas. Its 
action upon burning wood has 
been seen before. 

Expt. 216. — Fi rst jar, — In this 
plunge a piece of red-hot charcoal 
placed* in a deflagrating spoon (a 
small upturned iron spoon with a 
long handle) (Fig. 112). Note the 



brilliar'^y of the combustion. Now 
pou'" into the jar some clear lime- 


Fin 112.— J.ir witli Deflagrating 
Hpuon in it. 
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water {i.e. some of the clear Ihiuid which is formed if lime and 
water be shaken together and allowed to stand. It is really 
a solution of lime in water). Notice that it turns milky owing 
to a white powder being diffused through the liquid. 

Expt. 217. —In the second jar burn some phos])horuH con- 
tained in the deflagrating spoon. Note the great brilliancy of 
the combustion and the dense white fumes. Add water and 
shake— the fumes dissolve. In the solution put a little blue 
litmus paper. Observe that it is tinned red. 

Expt. 218 . — Third jar . — Perform a similar experiment with 
sulphur. There are few fumes, but a strongly smelling g}is is 
obtained, also soluble, turning the blue litmus red. 

Expt. 219. — In a dry deflagrating spoon put a small piece of 
the metal sodium, ^ light it and put it in the fourth jar of the 
gas. Observe the fumes formed. Dissolve these in water and 
try the effect of the solution on litmus paper. It does not 
turn the blue colour to red but has exactly the reverse eflect, 
and changes the red litmus blue. Feel the water, it has 
peculiar soapy feel. 

Expt. 220. — Obtain a piece of iron wire (a thin steel watch 
spring will do), and dip one end into a little melted sulphur, 
and when the sulphur is burning place the wire in the ffth jar 
of oxygen. Observe that the sulpliur burns and also starts the 
combustion of the iron which continues to burn with a 
brilliant shower of sparks. After the burning has ended, 
observe that a quantity of an insoluble solid (iron rust) has 
been formed. 

Oxides and their Properties.— In all these cases of burn- 
ing, both the substance burnt and the oxygen disappear and 
a new product is found. They have in fact combined to form a 
compound which we term an oxide, the name given to the com- 
pound of oxygen with some other element. We have noticed 
also that the oxides differ completely in their action upon 
litmus, for whereas some turn the blue litmus red, otliers 
do exactly the reverse. Substances which, like the solution of 
the oxide of phosphorus or sulphur, change the blue litmus red 
are acids. 

1 Great care must be taken when using sodium, which must never be allowed 
to touch damp materials. It is kept under naphtha until used, and shu\ild never 
l>e handled with the lingers. It should be dried by blotting paper when taken 
from the bottle and cut with a clean knife, the pieces not used being immediately 
replaced in the bottle. 
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Expt. 221. — ^The student may verify this by trying the 
different acuh in the laboratory. 

Acids are further characterised by a sour taste, even when in 
dilute solution, and by other far more important chemical pro{)er- 
ties. The solution of oxide of sodium is what is called an (dhdine 
solution. The student will do well to note that, as a general 
rule, he may regard the oxides of metals as different in their 
proi)erties from the oxides of the non-mebillic elements. 

We may now write : — 

Iron and oxygen form oxide of iron. 

Phosphorus and oxygen form phosphorus pentoxide. 

Carbon and oxygen form carbon dioxide. 

Sulphur and oxygen form sulphur dioxide. 

Sodium and oxygen form sodium oxide. 

The meaning of the term di-, ttc., will be understood later. 

We must now return to the Jl((sk which conUtins the. residue 
of the heated 7nass. 

Expt. 222. — Heat well, till no more oxygen is given off. Boil 
up the mass with water and filter it. The manganese dioxide 
remains unchanged on the filter paper. Evaporate the solution 
to dryness, and there remains a white solid which is not potas- 
sium chlorate and which tastes something like salt. 

This substance is called potassium chloride, and we may 
therefore write -.—Potassium Chlorate, when heated, decom- 
poses into potassium chloride and oxygen. The manganese 
dioxide did not change ; what, then, was its role ? This ques- 
tion is one which was for a long time exj)lained by calling the 
manganese dioxide a catalytic ayerd, and such actions, viz., those 
accelerated by the presence of a substance, which itself does not 
change, were called catahftic actions. In reality, however, the 
manganese dioxide goes through a series of changes, but the 
final one leaves it in its original condition. 

Quantitative Character of Chemical Action.— The heating 
of potifesium chlorate and manganese dioxide must also be 
done quantitatively, as the numbers obtained will be of use to 
us in our later work. 

Expt. 223. — Procure a test-tube and put in it a little man- 
ganese dioxide, and place near the mouth a plug of glass 



2*24 


ELEMENTARY GENERAL SCIENCE 


CIIAl*. 


wool ; weigh. Add potassium chlorate and put back glass 
wool ; weigh again. Connect up as in Fig. IL‘5 and heat until 
no more oxygen is evolved ; measure the volume of gas given 



Fio. 113.— To Illustrate Experimout ‘223. 


off, that is the volume of water driven out of A. Allow the 
tube to cool and weigh again. 

Enter your results thus : — 

Wt. of tulie, manganese dioxide, and potassium 
chlorate 3G*85 gms. 

Wt. of tube and manganese dioxide 35*32 gms. 

1. Wt. of potassium chlorate 1-53 gms. 

Wt. of tube, manganese dioxide, and potassium 

chlorate 36*85 gms. 

Wt. of tube, manganese dioxide and potassium 
chlorate, after heating 36*25 gms. 

2. Wt. of oxygen evolved *60 gms. 

3. Volume of oxygen 430 c.c. 


We thus find, if the experiment is carefully performed, that from 

100 *60 

100 gms. of potassium chlorate we should obtain ^ ^ X — gms., 

i.e., 39 gms. of oxygen, and, further, that 430 c.c. of oxygen 
weigh *60 gms. that is, 1 litre weighs 1*39 gms. We have not 


here, however, corrected the volume of gas for the pressure and 
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temperature, and this should be done, the barometric pressure 
and air temperature being read at the time of the experiment, 
and the volume of gas corrected for the pressure 760 mm. and 
temperature 0^ (page 112). The weight of 1 litre of oxygen will 
be then found as slightly over 1 *4 gms. 

Summary of Results. — Air contains about 80 (more ac- 
curately 78) per cent of an inert gas, nitrogen, in which things 
cannot bum. About 20 (more accurately 21) per cent, is a very 
active gas, oxi/gen, which supports combustion very vigorously. 
Substances burn in it with the formation of compounds called 
oxichfi. Some of these oxides dissolve in water and form acid.% 
while others have proj)erties essentially different from the acid- 
forming oxides. A little less than one per cent, of the air consists 
of a very inert gas named Argon. 

Various substances present in Air.— Besides these, which 
are the chief substances in air, there are others which are present 
to a small extent. The presence of some of these may be indi- 
cated by the following experiments : — 

Expt. 224. — Into a large glass flask pour a few c.c. of clear 
lime-water. Close the jar and shake vigorously. Examine 
the lime-water. 

Expt. 225. — Leave a few pieces of dry calcium chloride 
exposed in a saucer to the air. Observe after a few hours. 

Expt. 226. — Leave a w^eighed (piantity of sulphuric acid ex- 
posed to the air in a beaker for a few days. Again weigh. 

Expt. 227. — Put some ice (if not available, a little sodium 
sulphate and hydrochloric acid) into a small beaker and watch 
the outside of the beaker. 

In the first of these experiments we find that the lime-water 
becomes tinted and milky. This does iK>t happen with oxygen 
alone (try it) or nitrogen, but we have already seen that the 
milkiness is produced by the gas produced by burning carbon, i.e. 
carbon dioxide. This gas is, in fact, present in the atmosphere, 
but only to a small extent, viz., about *04 per cent., that is, 4 
])arts in 10,000. Even this minute quantity is, however, very 
important, as plants derive the carbon which enters into their 
composition from this source. Their green parts, under the 
action of sunlight, decompose the oxide, and give off the 
oxygen. 

If, instead of atmospheric air, air expired in breathing be 
used in the above test, it will be seen that the quantity of 

Q 
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carbon di-oxide is much greater, indicating that this is pro- 
duced as a product of the animal economy, resulting, in fact, 
from the union of the atmospheric oxygen with the carbon 
present in animal tissues. Owing to this all animals require 
oxygen, and soon expire if deprived of it. Fish and many 
other marine animals are thus entirely dependent, for their 
supply of oxygen, upon the air which is dissolved in the water. 

The experiments (225-226) indicate the absorption of mois- 
ture by the calcium chloride and sulphuric acid, and it is this 
moisture which is present in the air that becomes deposited upon 
cold objects in the form of dew, as in Expt. 227. 

The (|uantity of moisture which is present in the air in the 
form of water vapour varies considerably from time to time, 
being as a rule greater in hot weather than in cold. 

In the neighbourhood of towns, also, there are always present 
small quantities of compounds which are formed in works, Slc. 
These include compounds of ammonium, oxides of sulphur, <tc. 
Large quantities of dust particles and minute bacteria are also 
found in air, the number of these little organisms varying from 
one or less to many thousands per cubic centimetre. 

Air Compared with Oxygen.— We have now seen that 
when a substance burns in oxygen a new compound is formed, 
which is an oxide. But we must go further, and ask— Is this 
also the case when it bums in air ? Does it take away the 
oxygen and form an oxide, leaving the nitrogen unacted ujjon, 
as we should expect ? This can be readOy tested. 

Expt. 228. — Put a small piece of dry phosphorus in a test- 
tube, cork the tube tightly, and warm. Note that the jihos- 
phorus ignites and forms white fumes, as when it bums in 
oxygen. But the flame is not so bright. When co(j 1 again, 
take out the cork under water. Note what happens. Put 
back the cork and shake up, test the remaining gas, and test 
the water with litmus. Measure the volume of the water, i.e. 
the gas abstracted, also the volume the tube holds. 

As was the case in rusting, one-fifth of the air has been used, 
this being what we found was the quantity of oxygen present ; the 
white fumes formed, too, combine with water to make* an acid, 
as when the phosphorus burned in oxygen. In fact, all tests 
prove the products to be identical. Hence, in air, also, the 
burning consists of the union of the burning substance with the 
oxygen of the air to fomi a new compound— an oxide. 
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It will be easy for the student to verify this by burning in air 
the different substances which were burnt in oxygen, and care- 
fully comparing the products. 

Gain of Weight during Burning. — If the explanation given 
above be correct, it is evident that substances should gain 
in weight when burnt, i.e. the products of combustion should 
weigh more than the original substances. Do they ? We may 
test this, for, say, phos])horus, sulphur, and magnesium wire. 

Exi*t. 229. — Weigh a crucible and lid and a piece of magne- 
sium, which, folded lightly, is placed in the crucible. Heat 
strongly in a burner, taking care to let no fumes escai>e. T(» 
ilo this, keep on the lid, and only raise a little when the flame 
is removed. The magnesium is seen to burn brightly in 
]jlaces ; but, if care is ttiken, no fumes are lost. When 
finished, the whole mass should be in the form of a white 



powder. Allow to cool, and weigh the crucible with the lid 
and powder. Subtract the weight of the crucible and lid to 
find the weight of the powder. Is it more or less than the 
weight of magnesium ? It will almost certiiinly be found to 
be morey and, if the experiment is carefully done, it will be 
found that the magnesium has gained about 66 T) per cent. 

Ex1*t. 230. —Get a hard glass tube, J:>A in figure, pack the 
drawn-out end with asbestos fibre ; weigh carefully. Place 
in it a small piece of dry phosphorus (about *2 grain) and 
again weigh. Connect up as shown in figure, the end A being 
attached to a suction-pump which can be fitted to a tap. This 

Q 2 
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draws a current of air through the tube, and, in order to dry 
the air, it is first made to pass through the test tube 0, con- 
taining strong sulphuric acid. Warm the phosphorus slightly 
- - it ignites. Take away the burner and allow it to burn, the 
fumes being sto})ped by the asbestos. A quantity of red 
deposit is also found (another form of phosj>horus), and this 
may be got rid of by strtmgly heating. When cool, dis- 
comiect, and again weigh the tube. It is found, if carefully 
done, that the phos])horus gains about 128 per cent. 

Expt. 231. — If we desire to do the same with sulphur, we 
must alter our apparatus, as the product is a gas. This is 
readily done. The tube BA^ as before, contains the sulphur. 



but the air together with the products of combustion are 
drawn through a strong solution of caustic potash in the test- 
tube I>, the air having been previously drawn through the tube 
C containing strong sulphuric acid (Fig. 115). The sulphur di- 
oxide is abs{)rbed in 1>, so that if this tube be weighed before 
and after the experiment we obtain the weight of the gas, while 
the weight of the tube AB with sulphur in it (1) before heating 
(2) after heating gives the weight of sulphur which has burnt 
away. From these results calculate the increase of weight 
for 100 grms. of sulj)hur. It is seen that the sulphur gains 
KX) per cent. 

Combustion and Busting. — A comparison of these ex- 
periments with those on the rusting of iron should be made in 
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order to plainly see that combuRtion and rusting are essentially 
similar actions, inasmuch as both are tht^ formaticm of 
the only difference being that in burning this is attende<l witli 
the production of Hifki. How is this light brought about ? It is 
owing to the heat consequent on the chemical union. When two 
Rubstanccis unite to form a new compound, heat is generally 
evolved, and this may be sufficient to raise the substances and 
the products of the combustion to such a temperature that they 
become luminous. Tf gases are present among the products of 
coml)Ustion they may f)ecome luminous and pass away flames, 
which hence consist of (fases, prud'nced hy the (‘omhustion, raised 
to sack a hiyh temperat^ire that they become self-lnminoits. 

If a jet of coml)ustible gas bo allowed to bum in air, it is ch'ar 
that combustion can only occur where the gas and air are in 
contact, i.e., on the outside of a jet, hence ffamt's are generally 



Fin. 110. — TT<)ll<iw structure of a Fin. 1 17.— nunscui 

Flame. Jiunier. 


hollmr, as may be seen by jilacing a piece of wire gauze over the 
flame of a candle or Bunsen burner (Fig. IIG). 

Ex 3 »t. 232. — Place one end of apiece of glass tubing into the 
middle of a Bunsen burner flame, or a candle flame. Slope the 
tufiing upwards away from the flame, and ajiply a light. 

It will be found that the interior of the flame consists of 
unburnt gas capable of combustion, which, from what has been 
previously said, is what we should expect. 

Expt. 21^. — Light a Bunsen burner and examine the flame. 
Hold ill it for a short time a piece of glass tubing. Now close 
the air holes, d, at the base of the burner (Fig. 117) and 
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obson^e the change in the appearance of the flame. Hold in 

th(^ flame a piece of glass tubing, and observe what happens. 

It is thus found that closing the air sup])ly at the base of the 
]>urner greatly increases the luminosity of the flame, while also 
soot (or carbon) is deposited on a glass rr)d held in the luminous 
tlame. The increased luminosity appears, therefore, to be due 
to the presence of solid carbon, which becomes white hot or 
incande,8cent ^ owing to the high temperature of the flame. In 
general, also, when solids are present among the products of 
combustion the flame becomes intensely luminous, owing to the 
incandescence of the solid, whereas if the products are entirely 
gaseous the flame is as a rule not very luminous. Solids raised 
to a white heat are largely used for illuminating purj)oses. The 
incmidescent electric lamps consist of a filament of carbon in a 
vacuous globe raised to a white heat and made incandescent by 
means of the electric current. It is important to notice that 
here there is no burning or combustion, since no oxygen is 
])resent. The limelight is produced by the incandescence of a 
block of hard lime, which is made white hot by the flame obtained 
by burning a mixture of coal gas and oxygen. In the iy^mndescent 
gas light a network is formed of some white incombustible oxide 
(the nuinUe), and this is heated by the flame of what is practically 
a Bunsen burner, and so made wdiite hot. It is similarly im- 
portant to notice that in the last two cases the lime and mantle 
do not bum, but are really heated by the burning gases. 

It must be emphasised, however, that although the presence 
of incandescent solid particles is a frequent and important cause 
of luminosity of flames, yet it is not the sole cause, ;is some 
flames are intensely luminous, although no solids are present. 
Many factors, indeed, influence the luminosity, as, for example, 
the temperature and the density of the gases. 

Oxidising and Eeducing Flame.— It has been already seen 
that in the interior of the flame hot combustible gases are 
present which are capable of burning, t.c., of combining with 
oxygen, and which can thus abstract oxygen from oxides and 
other oxygen compounds. It is said to be the reducing part of 
the flame. At the top apex of the flame, however, nO com- 
bustible gases are present, as all have been burnt, but there is 
present a quantity of strongly heated air which can readily give 
up oxygen. This part may be hence said to be the oxidising 
part of the flame. 
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Chief Points of Chapter XV 

Iron gains in weight daring rusting, taking some material from the 
air, and this material is the part of the air concerned in burning. 

These facts were foimd out and established by the series of experi- 
ments which the reader lias, it is presumed, either performed or seen 
performed. 

Nitrogen is the inactive part of the air. It makes up 80 per cent, 
(roughly) of the atmosphere. It is a very inert element. It does 
not bum, nor will it allow other things to bum in it. It can be 
made to unite with a few metals, such as magnesium and lithium, 
forming nitrides. 

Argon is another very inert element, which was discovered in 1S94. 
It makes up about 1 per cent, of the air. 

Oxygen is the active part of the air. When red oxide of mercury 
is heated it decomposes into mercury and oxygen. This gas can 
also be obtained by heating potassium chlorate. The oxygen is 
given off from this substance more readily if it is mixed with man- 
ganese dioxide before being heated. The substance left after driving 
the oxygen out of potassium chlorate by heating it is called potas- 
sium chloride and is very like common salt. 

Oxides. — When some elements are heated in oxygen they unite 
with it, forming oxides. Thus — 

Iron and oxygen form Oxide of iron 
Phosphorus and oxygen form Phosphorus pent-oxide 
Carbon and oxygen form Carbon di-oxide 
Sodium and oxygen form Sodium oxide. 

Some oxides unite with water to form acids which turn blue litmus 
red ; the oxide of phos})horus is an example. 

Other oxides unite with water to form an alkaline solution which 
has a soapy feel ; the oxide of soilium is an example. 

Quantitative Character of Chemical Action. — It has been found 
that w hen the exiieriment of heating potassium chlorate is carefully 
performed a given (quantity of this substance always gives the same 
(juantity of oxygen. 

Various Substances present in the Air. — Carbon dioxide is generally 
present to the extent of 0’04 per cent. , or 4 parts of carbon dioxide to 
10,000 of air. This carbon dioxide is a very important part of the 
food of plants. Its presence is partly due to the breathing of animals. 

Moisture is always present. Its amount varies with the tem- 
perature. It is often deposited as dew. 

Amynoninin compounds , oxides of sulphur^ dust particles^ and 
bacteria are to be found in the air in the neighbourhood of towns. 

Gain of Weight during Burning. — It has been seen by performing 
tixperiments with phosphorus, sulphur and magnesium, that there 
is always a gain in weight when a substance is burnt. Thus, 
phosjAorus gains about 128 per cent., sulphur 100 per cent., and 
magnesium 66*5 per cent. 

Combustion and Busting. — These are essentially similar. The only 
difference is that combustion is attended with the production of 
light, due to the high temperature to which the products are raised 
by the heat of the (diemical action. 
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Questions on Chapter XV. 

1. Descri]>e experiments which prove that air is composed of at 
least two gases. 

2. How would you show by experiments that only one part of the 
air is concerned in (a) burning, (/>) rusting ? 

3. Deseril)e experiments indicating that rusting ami burning are 
essentially similar operations. 

4. Describe briefly the sequence of experiments which indicate 
the existence of oxygen in air, and give a mode of preparation of 
this gas. 

5. How is oxygen most conveniently prepared ? Give an account 
of its characteristic properties. 

6. What are oxides, and how' may they be obtained ? 

7. How can nitrogen be obtained from the air, and what are its 
chief properties ? 

8. Ry what experiments may the presence of (a) aqueous vapour, 
{b) carbon dioxide, in the air be indicalecl. 

9. Describe experiments which prove that during rusting and 
burning an increase of weight occurs. 

10. How would you find the quantity of oxygen and nitrogen 
present in a given volume of air? 

11. By the combustion of different substances various oxides may 
be produced. Point out how by the action of water these oxidi's 
may be divided into two classes, and give examples. 

12. Describe (a) a direct, {h) an indirect method of finding the 
weight of a litre of oxygen. 

13. What is argon ? How has it been obtained ? 

14. To what are flames due ; what is a reducing flame, and what 
is an oxidising flame ? 

15. On what does the luminoHity of a flame depend ? 

16. The gas obtained by burning a mixture of coal gas and oxygen 
is not very luminous. How may it be utilised as a source of intense 
light ? 

17. What is meant by incandescence ? What is the cause of the 
incandescence in (a) an electric lamp, {h) an incandescent gas light ? 

18. What is the difference between an ordinary flame and that of 
a Bunsen burner ? 

19. Oxygen and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief that they are not com])ined 
together chemically. 



CHAPTER XVT 

WATER AND THE ELEMENTS COMPOSTNCJ IT 

Water. — We must next turn our attention to v^atpruml en- 
eavour, as we did in the case of air, to investigate its cliemical 
;omposition, Ac. Let us luiefly review what w^e already know 
>f it. 

It is a clear li(|uid with a hliie-green colour, wdiich is best seen 
)y causing light to ])ass through a considerable length of water, 
[t boils at 100 C., and is then converted into steam. It freezes at 
> C., becoming ice. Its density, 'i.e.y mass of 1 c.c., is lat 4 ' C. 
ind slightly less at any other temperature, owing tf> the fact 
hat water expands when either cooled beh w or heated above 4 C. 
t has the power of dissolving many substances, c.fjr., salt, sugar, 
"jL*., forming solutions from wdiich the wfiter may be evaporated 
iway, leaving the solid behind. But these facts tell us nothing of 
he chemical nature of water because we have no changes in com- 
)osition. The water, present all the time, is not convei'ted into 
my new product. We must therefore try to get a new product 
rom the water. We will first try the action of metals, and as in 
he cfise of our studies upon air, we will use iron first. If iron bt‘ 
eft in water it is found to form a considerable quantity of mst ; 
ut this may be due to the air which we now know may be 
issolved in water ; and if the iron be placed in water in a tube, 
his water, having been first well boiled to drive off the air, and 
he tube then sealed in a bl()W-pi{)e, the iron either does not rust, 
r does so to only a very slight extent. There is, therefore, no 
lonclusiorf derivable from this experiment. Perhaps, however, 
' the iron were heated it might act on the water. 

Expt. 234. — Place some iron filings in the tube C.4, and 
lot the end A dip under water. To the end C fit a delivery 
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tube from a flask containing water previously boiled to drive 
off the dissolved air. Heat the iron filings well, and boil the 
water in the flask so that the steam passes over the heated 
iron and then into the water, where it condenses. Now place 
over the end A an inverted test-tube of water, and note that 
the steam is not completely condensed, but that minute 
bubbles ascend to the toj) of the test-tube. When you have so 
obtained a sufficient quantity of gas (half a small test-tube), 
first remove C from the flask of water, then stop the boiling. 
Close the end of the test-tube with your thumb, and holding a 



Fia. 118. — ^Action of Steam on Heated Iron. 


lighted match to the mouth, open the tube. Observe that the 
gas burns. Examine the iron filings in the tube CA, and see 
that a quantity of rust has been formed. 

Action of Sodium ^ upon Water. — We see, therefore, that 
from the steam and iron we obtain iron rust, that is, iron oxide, 
and an inflammable gas. We must investigate this further, as 
it appears to show that the water contains this inflammable gas 
and oxygen. We must find something which has a more 
powerful action on oxygen than the iron. Such a sfibstance is 
the metal sodium, which we have before used. 

Expt. 235. — Place a small piece of sodium in water in an 
evaporating basin, and observe the action. Feel the water left 
1 See p. 222. 
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after the sodium has all disappeared, and test it with litmus. 
Evaporate away the water. Note the residue. 

In this case we could only see that the action was energetic 
and a new })roduct was formed, while the soapy feel of the water, 
and the action on litmus, appeared to indicate that this product 
was that previously <^)btained when sodium burned in oxygen and 
the fumes were dissolved in water. We could not, however, see 
wliether any gas came off, as the experiment was done in the 
open air and the sodium floated on the surface of the water. We 
must therefore try to alter our experiment so as to collect any 
gas whicli may ])e evolved. 

Expt. 236. — Place the sodium in a small piece of lead tubing, 
the ends of which are nearly closed, and drop into water (or 
place down over the sodium a thimble with holes in the toj)). 
A gas is seen to come off. 

Collect this in an inverted tube 
full of water, and by this means 
obtain three test-tubes of the 
gas, and observe that it is 
colourless and odourless. 

Expt. 237. — Take out two 
tubes and hold them for the 
same time, say, 30 seconds, 

(1) with mouth up, (2) with 
mouth down. Then apply a 
light to the mouth of both. 

The slight explosion of (2) 
shows it to contain an explosive 

gas, while the absence of any p.,„. ns,._Action of Sodium on 
effect with (1) shows that the gas Water, 

has disappeared. Hence it is seen 

that the gas escapes from a tube held mouth upwards, but not 
from one held mouth downwards. It is therefore lighter than 
air, being in fact the lightest gas known. 

« 

Expt. 238. — Now try the 3rd tube, holding it mouth down, 
and place a lighted match up into the tube. Note that the 
gas does not explode, but burns quietly, while the mateh is 
extinguished (Fig. 121). 
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Preparation and Properties of Hydrogen.— From water 
and sodium we have therefore obtained an inflammable gas, 
lighter than air, which does not support combustion, while there 
is also formed a solution which behaves like tlui solution of 
sodium oxide. The most natural inference is that the water 
contfiins this inflammable gas which we call hydrogen, and 
oxygen. Before j)roceeding to verify this, which we must do, 
it will be well to examine more carefully the properties of the 
inflammable gas, and to do this we should collect it in greater 
(juantity than hitherto. For this purj)ose we must act upon a 
metal with a dilute acid instead of water. 

Expt. 239. — Select a flask and fit it up as is shown in 
Fig. 129. Be very careful that the stoj)p(‘r and the tubes 



respectively fit very closely. Into the flask put enough granu- 
lated zinc to cover the bottom. Pour some water upon the 
zinc. Arrange the delivery tube in the trough as you did 
when you were making oxygen. Pour a little sulphuric acid 
down the thistle-headed acid funnel, and be quite sure that 
the end of the funnel dips beneath the liquid in the flask. 
Do not collect bottles of the gas until you are sure ])iii“e 
hydrogen is being given off*, which you can find out in this 
way. Fill a test-tube with water and invert over the end of 
the delivery tube. When it is full of gas, still holding it 
ujjside down, take it to a flame (which should not be near the 
flask you are using) notice that there is a slight explosion. 
Continue this until the hydrogen burns quietly down the 
test-tube. When this happens you may proceed to fill one 
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or two bottles. When the bottles have been filled, it is better 
not to remove them from the water until you want to use 
them. Collect also a soda-water bottle half full of the gas. 

Exi*t. 240.— Test one jar of the gas by means of a lighted 
match or biper as in Expt. 2.‘f8. Observe that the gas 
burns around the mouth of the jar but that the taper is 
extinguished, but on being Liken out, again becomes alight on 
passing through the fiaiiio of the burning hydrogen (Fig. 121). 



Expt. 241. — Take a full jar of the gas and hold it mouth 
upwards below a second smaller jar held mouth downwards as 
shown in Fig. 122. On testing with a lighted Liper observe 
that the gas has left the lower jar and filled the upper. Many 
experiments, as the filling of balloons or soap bubbles, may 
also be performed to demonstrate the extremely low density 
of hydrogen. 

Expt. 242. — Wrap your hand well in a duster and with it 
hold the soda-water bottle. Take it out of the water so that 
the water runs out, and the bottle is now filled with a mixture 
of hydrogen and air. A})ply a light and you will not fail to 
observe that an explosion results. 

Expf. 243. — A})ply a light to the end of the delivery tube 
and allow the hydrogen to burn. Observe that it bums with 
a pale blue flame, which after a time becomes yellow. As 
this colouration does not occur however until the glass becomes 
hot, we must regard it as due to the glass. 
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We have now a means of obtaining hydrogen in considerable 
quantity, and have observed that it is a colourless, odourless 
gas, considerably lighter than air, which does not support com* 
bustion, but which bums itself, and which with air forms a 
highly explosive mixture. 

Production of Oxide of Hydrogen.— We must next endeavcmr 
to obtain and to examine the compound which is ])roduced by 
the burning of hydrogen, that is, the oxide of hydrogen. 

Expt. 244. — Arrange a flask as before for the production of 
hydrogen. Pass the gas through a tube containing chloride of 
calcium in order to thoroughly dry it. Allow it to burn under 






Fk;. 123.— Production and Collection of OxidtJ of Ilydroj^on (Water). 


a letAut which is kej)t cool by a stream of water flowing in at 
the tubule and out at the end of tlie neck (Fig. 123). Observe 
the formation, on the side of the rettut, of a clear licjuid 
which collects and drops into a )>eaker placed to receive 
it. I3y this means sufficient of the lii^uid can be obtained to 
identify it, especially if a number of students all work together 
and add the liijuids. 

Expt. 245. lake the density, freezing ])()int (a mixture (d 
sodium sulphate and hydrochloric acid forms a very convenient 
freezing mixture), and boiling point of the licjuid. You will 
find these are 1, O'C., and KJO^ C. respectively, a result whicli 
is sufficient to enable us to state that the li(|uid is identic«il 
with pure water. 



XVI WATER AND THE ELEMENTS COMPOSING IT 239 


Wc have hence completely proved our previous ideas to he 
correct, for we had been led to believe that water contained 
hydrogen and oxygen. We have bmnd it is an oxide of hydrogen. 
Hence we may now sjiy : — Hydrogen in burning produces water 
which is, therefore, an oxide of hydrogen. 

We should next examine the flask itself which we used for the 
preparation of the hydrogen in order to see whether ajiy other 
])roducts have been formed, and to find out what has become of 
the zinc. 


Expt. 246. — Filter oft' the licjuid in the flask from the uii~ 
dissolved zinc (sufficient zinc should be used to leave aijuantity 
still undissolved ; if all has disappeared add more and wait till 
the action ceases). Partially evaj)orate the liquid and allow it 
t/o crystallise. You will find that a quantity of clear colour- 
less crystals are formed. Examine them and sketch the most 
j)erfect. Heat some of the crystals in a tube and observe that 
they melt, give off water (which can be collected and proved 
to be water), and leave a white powder. 


These crysbils are a compound formed from the zinc and i)art 
of the sulphuric acid, and are known as zitic bvljyhate. Many 


crystals behave similarly on heating, ?.c., lose water 
which they previously contained, and become con- 
verted to a powder. The water contained in a 
crystal and evolved on heating is known as u'fater 
of crysUdlisaiion. We may therefore state sul- 
phuric acid and zinc form hydrogen and zinc 
sulphate. 

Proportions of Oxygen and Hydrogen in 
Water. — We must next endeavour to find the 
])roportions in which the oxygen and hydrogen com- 
bine during the formation of water. We may do 
this in either of two ways, viz., by finding the 
weight of the gases or by finding the volume of 
the gases which combine. For the latter it is 
necessary to measure out definite volumes of oxygen 
and hydrogen, cause them to combine, then measure 
the voluifie of gas which remains uncombined and 
ascertfiin which gas it is. This is usually done in 
a piece of fipparatus known as an Eudiometer 
(Fig 124.). In its simplest form this consists of a 
long glass tube closed at one end and graduated in 
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equal volumes, usually cubic centimetres, by divisions marked 
on the glass. Through opposite sides of the tube at the closed 
end pieces of platinum wire are passed and fused into the 
glass, being so arranged that they do not quite touch one 
another. Outside the tube the platinum wires are bent into 
loops to which wires from an electric coil may be attached. 

Composition of Water by Volume. — To use the eudiometer 
it is first completely filled with mercury and inverted over more 
mercury contained in a trough. A suitable quantity of pure 
dry oxygen is then bubbled into the tube and the volume (after 
the necessary corrections for temperature and pressure) is 
recorded. Pure dry hydrogen is next bubbled into the tube, 
using a considerable excess of one or other of the gases. The 
volume is again recorded (with necessary corrections as 
before) and then, keeping the eudiometer firmly pressed upon a 
sheet of india-rubber, or felt, at the bottom of the trough, the 
gases are made to combine by causing an electric spark to pass 
between the platinum wires inside the tube. As soon as the 
spark passes, the two gases combine, with a flash of light. The 
eudiometer is slightly raised from the india-rubber (but of course 
not above the mercury in the trough), and it is seen that the 
volume of the gas in the eudiometer is less than before the 
explosion, and that there is a film of moisture upon the interior 
of the tube. The corrected volume is again recorded and the 
nature of the gas ascertained. We then find the volumes of the 
gases which have combined in the manner indicated below : — 

Corrected volume of oxygen ... 12 c.c. 

Corrected volume of mixed gases ... 50 c.c. 

Therefore corrected volume of hydrogen = 38 c.c. 

Corrected volume after explosion = 14 c.c. 

Gas left ascertained to be Hydrogen. 

Hence the 12 c.c. of oxygen united with (38-14), with 
24 C.C., of hydrogen, and we find this result always obtains, 
namely, 2 volumes of hydrogen combine with 1 volume of 
oxygen to form water. 

If instead of doing the experiment in the above manner the 
eudiometer tube be kept heated above 100'^ C. during the experi- 
ment (by surrounding it with a larger tube through which the 
vapour of some boiling liquid was })assed), it would be further 
found that the steam produced from these 3 volumes of oxygen and 
hydrogen would only occupy 2 volumes. 
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Such a process as this, the huniiation f)f a compound from 
elements, or from simpler materials, is known as a synthesis. 

We might also find the required ratio by the analysis of 
water, that is by breaking it uj) into its com])onents, which we can 
do by passing an electric current through it. 

Exi’T. 247. — This may be done by means of an electric 
battery for generating the electric current and a Voltameter. 
The latter is most sim])ly made by closing the bottom of a 
funnel by means of a tightly fitting cork through which pass 
two platinum wires with small plates of platinum attached to 
the ends remaining in the funnel (Fig. 125). Over these 



|)lates are supported two glass test-tubes, and the tubes and 
part of the funnel are filled with water to wliich has been 
added a little suli)huric acid, as otherwise it offers great resist- 
ance to the electric current. The wires from a battery of three 
or four cells are connectt^d with the ends of the platinum wires, 
and as^ soon as the connection with the battery is complete, 
provided there is clean metjil at every junction, bubbles of gas 
are seen to rise from each platinum plate and to ascend into 
the tube and displace the contained liquid. After the 
experiment has gone on for half-an-hour, the gases may 

R 
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be tested and their volumes measured. It will be found that 
the volume of one gas is double that of the other, and that 
the gas of which there is the larger amount is hydrogen while 
the other is oxygen. 

This experiment again proves what was found by synthesis, 
viz., that 2 vois. of hydrogen combine with 1 volume of oxygen, 
and further, it may be noticed that these experiments also prove 
that water is solely formed from these two gases, and contains 
no other constituent. 

Composition of Water by Weight. — We must now endea- 
vour to find the composition of water by weight, that is, the 
weights of oxygen and hydrogen which combine to form water. 
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previously weighed. To the end C attach a U-tube containing 
calcium chloride, a sul)8tancc which, we have already seen, 
remlily absorbs moisture. At A attiich a tube, as shown, by 
means r)f which dry hy<lrogen, as in Expt. 244, may be passed 
thr(jugh the tube AC. The calcium chloride must 

be carefully weighed before the ex])eriment. When the hydro- 
gen is passing, heat the tube AC, and observe that the black 
colour of the copper oxide changes to the red colour of metallic* 
copper, and that water collects in the b). Take care 

that no condensed water remains in AC ; if any is j)iesent, 
heat it and drive it over into D. Allow the tube to cool, dis- 
connect, and weigh the boat of oxide and the [J-tube again. 
Enter your results thus — 

Wt. of U-tube after experiment 3(i’473 grams 

Wt. of U“tube before experiment 35 '821 grams 

Wt. of water produced 0*652 gram 

Wt. of boat of copper oxide before experiment ... 5*562 grams 

Wt. of boat of copper oxide after experiment . . 4*082 grams 

Wt. of oxygen 0*580 gram 

The weight of <»xygen is 0*580 gram, and that of the water 
produced from it is 0*652 gram ; therefore the weight of 
hydrogen must be 0*652-0*580 gram, that is, 0*072 gram. 
Write, therefore : — 

Wt. of wiiter 0*662 gram 

Wt. of oxygen 0*580 gram 

Wt. of hydrogen ... 0*072 gram 


Therefore *072 gram hydrogen combines with *580 gram of oxy- 
gen, and hence 1 gram hydrogen combines with^? = 8 grams of 


oxygen. • 

If the experiment is carefully performed this is the result 
always obtained, so that we have found that Water is formed of 
eight-ninths its weight of oxygen with one-ninth its weight 
of hydrogen. 


K 2 
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This experiment, also taken in conjunction with the previous 
experiments upon the volumes of the gases, })roves further that 
one volume of oxygen is 16 times as heavy as the same volume 

1*4 

of hydrogen, so that 1 litre of hydrogen weighs that is, nearly 
*09 gram (accurately *0890). 

Natural Waters. — Water dissolves a larger number of things 
than any other li<juid, and is in conseipience of the greatest use 
to chemists. This explains why we cannot hnd }»ure water in 
nature. No sooner has the rain formed than it begins to 
dissolve various subsbinces ; in its })assage through the air it 
takes uj) varying amounts of the constituents of the atmosphere, 
such as carbon dit)xide and oxygen, and when the surface of the 
earth is reached the water dissolves out of the soil and the under- 
lying rocks portions of all the soluble ingredients. The imist 
soluble bodies are naturally dissolved to the largest extent. It 
will bo seen later that the solvent property of water is considei - 
ably increased by the presence of the carbon dioxide it obtains 
in ])art from the air. When the amount of material dissolved 
in water is very great it gives a distinctive character to the 
licpiid, w'hich becomes known as a mineral water. Those natural 
waters w’hich contain a comj^ound of sul])hur and hydrogen, 
called sulphuretted hydrogen, are spoken of as fiidph'Ky-irtdf'r, if 
some comjxmnd of iron is the substance which has been taken 
up in large quantities, we liave chali/heafp waters formed. 
Effervescent waters have a great amount of carbon dioxide 
dissolved. 

Expt. 249. — C(mipletely till a flask with water and attach a 
cork and delivery tube, di[)ping under a jar of water inverted 
in a trough. Heat the flask and observe that dissolved air is 
driven out. Collect tlie air and see that, since it supp(u*ts 
combustion, it conLiins oxygen. Prove also (l)y means of 
lime-water) that it contains carbon dioxide. 

Hard and Soft Waters.— It is a fact familiar to every one 
that soap lathers very easily in some waters and not at all in 
others. If rain-water be used, the lathering takes place with 
great ease, while with the w^ater which is su])})lied to soihe towns 
a lather can only be made with difficulty ; and if we attempt the 
same })rocess in sea-water there is no lathering at all. Those 
vx tiers in which soap lathers easily a/re said to he soft. When snch 
is not the case the water is spoken of as hard. 
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Temporaxy and Permanent Hardness.— Hard waters differ 
among themselves. Some can be softened by mere boiling, and 
when this is so the hardness is said to be tr}Kpor(iri/. If the 
hardness is not removed after the water has been boiled, and 
the water reiiuires the addition of a chemical to soften it, such 
Inu’dness is termed pemuinent. 

Expt. 250. — Filter and then evaporate to dryness some 
samj)les of a water which you have ff>und to be hard. Dbserve 
a wliite solid is left. Add to this white solid a little hydro- 
cldoric acid. Observe that it effervesces. 

Expt. 251 . Filter and then eva])orate sam])les of soft water, 
if any are o))taina)de. You will most juobably tin<l that very 
little residue remains and that no effervescence results on the 
addition of acid. 

Hence the hardness of water is due to some white solid 
dissolved in the water, and this solid effervesces on the addition 
of acid. 

We sliail return to this in a later cha])ter. 


Chief Points of Chapter XVI. 

Water is a clear lirpiid with a blue-green colour. It ))oil.s at 100' C., 
when it is convi'rtcd into steam. It fi’eezes at O C., hei'oniing ice. 
Its density at 4' C. is 1. It possesses great solvent pf>wer. 

Hydrogen is contained in Water. — Tins has been found by causing 
heated ii’on to drive it out of the water, when the iron combines wMth 
the oxygen which is left, to form oxide of iron. Sodium turns the 
hydrogen out. of water at onlinary temperatures. The hydrogen 
can be colle(;ted and examined. 

Preparation of Hydrogen.— -Hydrogen is best pre])ared by acting 
upon a dil\itc acid with a metal. Sulphnrie acid and zinc were 
found to he suitable. 

Stfiphuric Arid and Zinc form Hijdropen and Zinr Snlphate. 

Properties of Hydrogen. — It is a colourless, (ulourless gas, eon- 
siderahly lighter than air. It does not support combustion, but 
itself burns in air. It forms an exjilosive mixture w^hen mixed w ith 
air. 

Production of Oxide of Hydrogen. —By collecting the product of 
cdnhustion when hydrogtui is Imrnt, and examining it, it is found to 
hi* a cltar li(|uid with density 1, boiling ]H)int HMF C., freezing 
})oint tr '^rhe ]U'oduct, or oxide of hydrogen, is thus seen to be 
really water. lh/dro(jvM in hnrnimj jmodncis iratrr which is, there- 
fore, an oxide of hydnnjen. 

Composition of Water by Volume.— I’liis can be determined by 
means of an Eudiometer, into which known volumes of pure dr}’ 
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oxygon and hydrogen are bubbled after the eudiometer has been 
filled with mercury and inverted in a trough containing the same 
liipiid Wlien an electric spark is passed through the mixture parts 
of the gases combine ; and the experiment, when performed as de- 
scribed in the chapter, shows that two volumes of hydrogen eomhine 
with one volume of oxygen to form wiUer. This process of building 
up a compound from its elements is called synthesis. 

The opposite process of splitting a compound up into its elements 
is called analysis. The analysis of water is effected by passing an 
electric current through water contained in a voltameter. The 
result of such an experiment is ])recisely the same as that obtained, 
by synthesis, with the eudiometer. 

Composition of Water by Weight. — Pure dry hydrogen is passed 
over heated oxide of copper. The hydrogen combines with the 
oxygen of the oxide, forming water, and leaves the metallic copper 
behind. The water formed is collected and weighed. The copper 
oxi<le is weighed before and after the experiment. Its loss in 
weight tells us the amount of oxygen in the water formed. The 
difierence between the weight of the water formed and the oxygen 
it contains tcdls us the weight of the hydrogen in the water. When 
carefully perfc»rmed, the experiment shows that water is formed of 
eight-ninths its weight of oxygen and one-ninth its weight of hydrogen. 

Natural Waters gtuiei’ally contain dissolved materials. When the 
amount is very large the water is called a mineral water. Natural 
waters containing sulj)huretted hydrogen are called sulphur -ivaters ; 
those containing compounds of iron are called chalybeate waters ; 
and those containing much carbon dioxide are spoken of as effervescent. 

Hard and Soft Waters. — Those waters in which soap lathers easily 
are said to be soft. When such is not the case the water is spoken 
of as hard. 

Hard waters which can be softened by boiling are said to have 
only temporary hardness. If the water cannot be thus softened, but 
requires the addition of a chemical, its hardness is said to be 
permanent. 


Questions on Chapter XVI. 

1. What is the composition of water? I)e.scribe experiments by 
which its composition by volume may be found. 

2. By what means is hydrogen most conveniently obtained ? What 
are the principal properties of the gas ? 

3. Give diagrams and a short de.scription of an experiment to 
prove that water is produced by the combustion of hydrogen. 

4. Describe the preparation and collection of hydrogen by the 
action of {a) sodium, (h) iron, on water. What other j)roducts are 
also formed ? How would you obtain each of the ppoducts ? 
Describe briefly their various characters. 

5. In the preparation of hydrogen from zinc and sulphuric acid, 
what other product is formed ? How would you separate it from the 
liquid ? Describe briefly its appearance. 

6. Describe three experiments to show the most characteristic 
properties of hydrogen. 
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7. If twenty volumes of hydrogen and twenty-five volumes of 
oxygen be mixed in an eudiometer and exploded, what volume of gas 
would be left, and how would you show which gas it was ? 

8. What is the action of hydrogen on heated copper oxide ? How 
can this action be used to find the composition of water by weight ? 

9. What tests would you apply in order to determine whether a 
given colourless, odourless, tasteless liquid was w^ater or not ? 

10. What is meant by “hard” and “ soft” water? How would 
you determine which of two samples of water w^as the harder ? 

11. In what respects do natural waters differ from pure w^ater, and 
how are the differences brought about ? 

12. How could you prove that some w'ater is produced during tlie 
combustion of coal gas ? 

13. What is an eudiometer? Give a sketch of one and explain 
for what purposes it may be used. 

14. How would you prove that W'hen hydrogen is passed over 
heated copper oxide something is taken away from the latter 
compound ? 

It5. You are required to prove experimentally that in the previous 
question the part abstracted is really oxygen. How would you 
endeavour to do so ? 

16. Describe the apparatus you would use for the production and 
collection of hydrogen gas ; name the materials required and 
describe the properties of the gas. 

17. Write down what you consider to be the physical and 
chemical characteristics of water, that is, the properties wdiich are 
possessed by W'ater, but by no other substance. 

18. Describe a method of liberating hydrogen from w’ater {a) at 
a red heat ; {!>) at ordinary temperatures. 
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Physical Properties of Sulphur. -It will be well to first 
carefully exaiiiino the ]»hysical ju'operties of siilphur. It is a 

brittle, yellow solid, wdiicli may be 



Fig, 127. — How to determine the 
Melting Point of Sulphur. 


easily reduced to a line ]K)wder. 
It is insolu})le in water, but as we 
have already seen, it is soluble in 
carbon disulphide (Ex])t. 208). It 
also dissolves tc a slight extent ui 
turpentine. When heated it melts, 
and the melting ])oint, i.r., the 
temperature during melting, may 
be determined in the following 
manner : — 

Exit. 252. Draw out, in a 
blow'-pijie flame, a jiiece of glass 
tubing so as to make a small thin- 
walled tube, about 2 or inches 
long and *1 inch in diameter, in 
this jdace some finely jiowdered 
sul[)hur and fix the tulie to the 
bulb of the thermometer (it will 
probably stick to it if moistened ; 
if not, ])latinum wire is best). 
Place the thermometer bull) with 
the lower part of the tube in a 
i>eaker of sulphuric acid and heat 
it yunily. Watch the sulphur 
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carefully, and directly you see it to be melting note tlu^ 
temperature recorded by the thermometer, that is, the melting 
point of the sulphur. You v/ill find it to be about 114^ C. 

Effects of Heat upon Sulphur.— The effect of raising the 
temperature above the melting point should be also observed, 
and the following experiments should be carefully performed. 

Exit. 253. — Put some finely powdered sulphur in a test- 
tube, using sufticient to fill the trcst-tube to a height of about 
li to 2 inches, and heat very carefully in a small flame. 
When all has melted pour a little into cold water. CVnifiiiue 
heating the remainder until the liquid boils, and again pour a 
little into cold water. Examine the cooled products. 

If you performed this experiment with care and have observed 
the tube continuously, you should have found that the sulphur 
melts, at first, to a clear yellow moliile liipiid, which when ])oured 
into cold water solidifies to the ordinary yellow sulphur. On 
further heating, however, the liquid gets much darker and 
thicker, becoming so viscid that the tube may even be inverted 
without the li(juid running out ; this occurs at a temperature of 
about 25(P 0. At higher temperatures still, it again becomes 
thin and mobile and finally boils, giving off a dark orange-red 
vajiour which condenses to an orange liijuid or to a yellow 
])owder, or which burns at the mouth of the tube with a pale 
blue dame, and the characteristic smell of sulphur dioxide. 

Varieties of Sulphur. — The boiling sulphur when suddenly 
cooled by cold water forms a remarkable jiroduct, as it may now 
be jiulled about like a jiiece of caoutchouc, which indeed it closely 
resembles in appearance. It is called Plastic Sulphur. 

Exit. 254. — Place the jiiece of dry jdastic sulphur, previously 
weighed, on one side and examine again after a few days. You 
will find that it has returned to the ordinary modification, but 
that its weight is unchanged. 

Hence, ]>lastic sul[>hur, although so different in its appearance 
and physical properties, really consists of nothing but sulphur. 

On thc»surface of the water, into wdiich you poured the boiling 
sulphur, you will jirobably have observed a quantity of a very 
fine yelh>w jiowder, and this consists of sul])hur which has con- 
densed directly from the gaseous to the solid state without form- 
ing the intermediate liquid, and is known as “flowers of 
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sulphur.” Sulphur is usually brought into commerce either iu 
this form or as long solid rolls, both forms being obtained 
from a crude natural product which chiefly occurs, mixed with 
mineral impurities, in the volcanic regions of Italy and Sicily. 
The impure material is heated, and the melted sulphur is run 
off from the earthy impurities. It is then again melted find 
cast in cylindrical moulds to obtain the roll sulphur ; or, it is 
strongly heated in retorts, so that it boils and the vapours are 
allowed to condense in a large cooled chamber, where they collect 
upon the walls and floor in the form of “ flowers of sulphur.” 

Sulphur also occurs naturally in the combined state, the most 
important of its iiaturfil comjwunds being the sulphides, ?.e., 
compounds of sulphur with metals — and many of these arc 
important ores^ /.c., are the natural compounds, from which we 
obtain the metal itself — for example, copper pyrites, galena or 
lead sulphide, blende or zinc sulphide, &c. 

Expt. 255. — Heat a little iron jfyrites in a test-tube. 
Observe melted sulphur on the walls of the tube, and fi 
strong smell of sulphur dioxide. 

Crystalline Sulphur. —Besides the two varieties of sulphur 
we have already observed, we may obtain suli>hur in the crys- 
talline form by two different methods. 

Exit. 256. — Dissolve some sulphur in carbon disulphide 
and allow the solvent to slowly evaporate. Examine the 
crystals produced and sketch the most perfect. 

The crystfils so obtained are S-sided, and belong to what is 
known as the rhombic system. The ordinary roll sulphur consists 
of minute crystals of this form. 

Expt. 257. — Place some sulphur in an evaporating basin 
and heat carefully. When all has melted allow it to cool 
slowly, and as soon as a solid film has formed over the surface 
quickly pierce two holes in it, and through one of them pour 
out the interior lujuid sulphur. Take up the top crust and 
examine the mass, which will be found to consist of a number 
of beautiful, needle-shaped, yellow, translucent cryrfoals. 

The crystals thus obtiiined are quite difierent from those 
produced in the previous experiment, and belong to what is 
known as the monoclinic system. 
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Expt. 258. — Allow these crystals to remain in air for a few 
days, and examine again. 

They will be now found to have become opaque, and have 
in fact changed to the ordinary form of sulphur, each crystal 
becoming converted to a number of minute rhombic crystals. 

Allotropy. — We have now formed at least three modifications ()f 
sulphur, viz., the rhombic, monoclinic, and plastic sulphur, all 
consisting solely of sulphur. This property, which some elements 
j)ossess, of existing in different forms is known as allotropy^ and 
the several modifications are known as allotropic forms. A fourth 
allotropic form of sulphur also exists : a white powder insoluble 
in carbon disulpliide, and which is j»resent in flowers of sulphur. 

Oxides of Sulphur. ---We have already learnt that sulphur in 
burning combines with oxygen to form an oxide which we call sul- 



phur didxide, and which we know to be a colourless gas with a 
very pungent smell, soluble in water, forming an acid solution 
(p. 222). As, however, when so prepared it is always mixed with 
air or nitrogen, we must obtain it by some other method in order 
to have it in a purer state. 
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Exft. 259. — Place a little copper in a test-tube with some 
strong sulphuric acid. There is no action. Heat tiie tube, 
and observe the smell of sulphur dioxide. 

Expt. 260. — In a flask fitted Avith a cork and delivery tube 
])lace some cojiper turnings and .some strong sulidiuric acid, 
and heat over wire gauze by means of a Bunsen flame. As 
the gas is soluble in water, it cannot be collected in the same 
Avay as hydrogen and oxygen. Being heavier than air, how- 
ever, it may be collected in the manner shown in the diagram 
(Fig. 128). Obtain by this means two jars of the gas. 

In (1) place a lighted tajier, and in (2) a piece (d moist red 
flannel or a coloured flower, allowing it to remain for some 
time. 

Properties of Sulphur Dioxide. — By these experiments you 
will have learnt that the gas does not buiii, does n(>t sii])j)ort 
combustion, and that it has the junver of bleaching vegetable 
C( ►lours. This important property is largely made use of in 
technology, the gas being employed for bleaching, especially for 
delicate materials such as straw, silk, Ac. 

Sulphurous Acid and Sulphites. —Ex}>t. 261.— I sing tlio 
flask you have already fitted for the prepai\*ition of tlie gas, allow 
the sulphur dioxide to bubble through a solution of caustic 
soda, which, we have already seen, has the j>ower of turning 
red litmus blue, and is called an alkali. Observe that- the gas 
is absorbed, and that after a time the liquid smells of tlie gas 
and has become slightly acid. Ihul the solution and observe 
that the smell disappears, showing that the gas is expelled })y 
heating, while by further evaporation a white solid is ulti- 
mately left. Examine this s^did, which is evidently solulde 
in water, and satisfy y<»urself tliat it is not caustic soda, having 
no action on litmus. Add to it a little sulphuric acid and ob- 
serve the smell of sulphur dioxide, indicating that this was 
previously contained in the solid. 

The formation of this solid is an examjde of the ])roductjon of 
a salt, and we shall find later that many other salts are formed by 
analogous methods. The salts produced by neutralising sulphur- 
ous acid, as the solution of sulphur dioxide is called, are known 
as sulphites, and the particular salt we have tlius prej)ared is 
sodium sulphite. All the suljdiites are characterised })y their 
proj)erty ot giving oft’ sulphur dioxide when iicted u])on by sul- 
phuric or other strong acid. 
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ExrT. 2^>2.— The flask which contained the copper and 
Knl])huric acid slionld next he examined. It will be observed 
that most of the c«)p])er has disap])eared, and the contents of 
tlie flask have a black colour. Add some water, shake well, 
and iilter, when a blue Ihpiid is oldained. Eva])orate this 
])artially, and j)ut aside to crystallise. It will be found that 
blue crystals are so obtained. 

These crystals are what are known commercially as blue viiriitU 
the chemical name being snljtliate of roppc/'. We may therefore 
state that Copper and sulphuric acid produce sulphur dioxide 
and copper sulphate. 

Sulphur Trioxide and Sulphuric Acid.— Although sulphur 
dioxide does not burn, yet by suita))le means we can make it 



combine with more oxygen and produce a higher oxide, which is 
known as sulphur trioxide. 


Exi‘T. 2011. — Tn the tube AH place some platinised asbestos,^ 
and pass through the tube a well-dried mixture of sulphur 
dioxide and oxygen or air, the gases then being led into the 
cooled tube D. Heat the tube of asbest(»s, and note that 
white fumes arc formed which condense in the cooler flask to 

form a white })owder or crystals. 

• 

This powder is sulphur trioxide, and we may now state 

Sulphur dioxide with oxygen forms sulphur trioxide. 


1 This is pn-imred hy (liupiiiK .‘ishcst»»s fibres into (1 ) iihit iniy chlorule solution, (-) 
.'iniinoniurn cliloride solution, iind lioating stroiiKly. Hy tins iiichih the asbestos 
becomes coated with a quantity of very finely divided platuimu 
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Expt. 264. — Add a little water to the tri oxide in the flask, 
and test the liquid with litmus papers. 

The sulphur trioxide dissolves very readily in water, evolving 
much heat and ])roducing a hissing sound during solution. The 
solution so obtained is strongly acid, being, in fact, sulphuric 
acid. 

Expt. 265. — Heat the solution in an evaporating basin, and 
also, at the same time, in another evaporating l)asin, heat 
some dilute sulphuric acid, continuing the heating until thick 
white fumes are obtained, and satisfy yourself the liquid is 
sulphuric acid. 

• Sulphuric acid. — This very importfint compound, known also 
as oU of mtriol, must be examined, as it is one of the most im- 
j)ortant and useful of chemiciil j^roducts, being of the greatest 
service, not only in purely chemical operations, but also in various 
industrial and manufacturing processes. 

It is a heavy, oily licjuid, which, when strongly heated, boils 
at 335' C., and gives off a (quantity of choking, pungent, white 
fumes, as has been observed in Expt. 265. It mixes with water 
in all proportions, and produces during the solution so much 
heat that the temperature may rise above 100^ C., the boiling 
point of pure water, so that care has to be tiiken when sulphuric 
acid and water are mixed. It absorbs moisture from the air or 
from moist gases, and on this account is very frequently used 
for drying gases (Expt. 229), and, owing to the same affinity for 
water, it chars organic matter, such as wood, &c. 

Expt. 266. — In a little strong sulphuric acid place small 
pieces of wood, cloth, &c., and observe the effect. 

Like most other strong acids, it burns the skin and destroys 
cloth, so that care must be always taken in its use. 

Action of Sulphuric Acid on Metals.— Its action upon 
metals has been already seen : with some metals, e.gr., zinc, it 
reacts when cold and dilute, liberating hydrogen and forming a 
stdphate of the metal ; with others, e.g., copper, it has no action 
until heated, when it produces a mlphate^ but with the liberation 
of svlpJmr dioxide. 

We can understand the latter action if we remember that the 
sulphuric acid may be regarded as sulphur trioxide + water. 
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The hydrogen that we should have expected to be liberated has 
then abstracted scniie of the oxygen from this trioxide and so 
liberated the dioxide. 

Sulphates. — With alkalis sulphuric acid also forms salts, just 
as was found in the case of sulphurous acid. 

Expt. 267. — To a little sulphuric acid, in an evaporating 
dish, add diop by drop a solution of caustic soda, until the 
liquid has only a faint acid action. Evaporate partially and 
allow to crystallise and observe that colourless crystals are 
obtained. 

These crystals are known as sodium sulphite^ the salts obtained 
from sulphuric acid being called suljjhates just as those fiom 
sulphurous acid were called sulphites. We have already pre- 
pared three sulphates, viz., sodium sulphate, zinc sulphate, and 
copper suljjhate, the last of these being distinguishable by its 
fine blue colour. 

Manufacture of Sulphuric Acid. — In the manufacture of 
sulphuric acid on the large scale, sulphur dioxide is first obbiined, 
usually from iron pyrites (Expt. 255). The sulphur dioxide is 
then oxidised, but for this purpose a compound of nitrogen and 
oxygen is used — known as nitrogen peroxide — which readily 
gives up its oxygen to the sulphur dioxide, being itself converted 
to a compound of nitrogen and oxygen which contains less 
oxygen than the peroxide, and is known as nitric oxide. This 
nitric oxide, however, has the property of taking up oxygen 
from the air and becoming reconverted to the peroxide, which can 
again give up the oxygen to more sulphur dioxide, and thus acts 
as a carrier of oxygen from the air to the sulphur dioxide. 
Hence, in the presence of steam, sulphuric acid is formed. The 
sulphur dioxide, oxides of nitrogen (obtained from nitric acid), 
steam and air are passed into large leaden chambers where the 
reactions indicated above t<\ke place, with the production of 
sulphuric acid, which collects on the floor of the chambers and is 
afterwards concentrated by distilling off the water from glass or 
platinum retorts.^ 

Sulphides. — We have already found that copper and sulphur 
on being heated together unite to form a compound known as 
copper sulphide. This experiment should be again performed, 

I It may be here etated that in reality the reaction is more complex than that 
indicated above, the formation of intermediate products haviitg been nt^lected and 
only the final products considered. 



256 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


using iron in pLace of copper. By this means we obtain a dark 
gray solid, iron sulphide , another example of a large class of 
compounds, which consist of a metal and sulphur united together, 
and known as the metallic sulphides. 

Expt. 268. — I^lacc a very small (quantity of the iron sulphide 
in a test-tube and add a little hydrochloric or sulphuric acid. 
Note that it (iffervesces and that a gas is evolved. 

Sulphuretted Hydrogen. — It has in this way been found that 
by the action of acid ujion some metallic sulphides we obtain a 
gas with a peculiar odour, resembling that of rotten eggs. We 
must now collect and examine this gas. 

Expt. 269. — Fit up a flask with cork, delivery tube, and 
thistle funnel, as for the preparation of hydrogen, and in tlie 
flask place some iron sulphide. Pour down the thistle funnel 
some hydrochloric acid diluted with about twice its volume of 
water (see that the thistle funnel dips below the liquid). 
Collect the gas over water in the usual way. 

Expt. 270, — In a jar of the gas place alighted taper. Note 
the extinction of the tai)er and the combustion of tlie gas witli 
the smell of sulphur dioxide and also the formation of a pale 
yellow deposit on the inside of the jar. 

Expt. 271. — Apply a light to the gas issuing from the de- 
livery tube and over the flame hold a cooled vessel, a flask 
of water. Observe that drops of liquid condense on the sides 
of the flask and that a yellow deposit is also formed. By 
collecting this on the end of a wire and burning it, satisfy 
yourself that it is sulphur. 

The liquid may also be collected in the manner described in 
Exj)t. 244, and as in that case it will be here again found that 
its jdiysical properties j)rove it to be water. 

Hence the gas contains hydrogen (since water produced from 
it contains hydrogen, which could only have come from the gas, 
n<^)t being present in the air) and also sulphur, as shown by the 
formation of a sulphur deposit or of sulphur dioxide. It cannot 
be proved to contain any other element, and we may hence cfill 
it hgdrogen sidphide, or, as it is generally termed, s^dptinretird 
hydrogen. When the gas bums in a plentiful supply of air, 
sufticient oxygen is at hand to combine with both the hydrogen 
and sul})hur, and hence sulphur dioxide is produced by the 
combustion ; but if there is an insufficient supply of oxygen, or 
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if the flame is cooled, the hydrogen alone completely burns and 
the sulpliur only partially, so that a quantity of sulphur is 
deposited uncombined. 

Exrx. 272 . — Pass the gas through solutions of (1) copper 
sulphate, (2) lead acetate, (3) an acid solution of arsenious 
oxide (N.D. — This is a venj siroruj pai son,) ^ and observe that in 
each case a thick precipiUite is formed (1) black, (2) black, (3) 
yellow. 

These precipitates consist of the s'ltiphides of the metals, thus 
(1) is copper sulphide, (2) is lead sulphide, (3) is a sulphide of 
arsenic. 

ExrT. 273 . — Filter oft* the ])recipitate (1) and evaporate the 
solution, and hence observe that it consists of sulphuric acid. 

Double Decomposition. — We thus find that from co]>per 
8ul])hat^ and suljihuretted hydrogen we obtain co})])er sulphide 
and suljdmric acid. As the sulphuretted hydrogen is hydrogen 
sulphide, it hence appears that the sulphuric acid is the hydrogen 
sulphate, that is, the cop[)er sulphate is sulphuric acid wdth the 
hydrogen rejdaced by the copper. Such a change as this is 
called a double decomposition, both reacting com 2 )ounds being 
converted into new products by the exchange of some con- 
stituents. 

In a similar manner the lead acet?ite and hydrogen sulphide 
yield lead suljihide and hydrogen acetate (acetic acid). 

Exi’T. 274. — l^iss some sulphuretted hydrogen into water, 
and observe that the water smells like the gas itself and 
behaves in the same way towards co])per sulphate, &c. 

The gas is therefore soluble in water, and its solutiem is 
frecpiently used in the chemical laboratory instead of the gas 
itself, being employed in (jualitative analysis for the separation 
(or detection) of metjils which, like copper, are })recipitiited as 
sulphide, from those which are not so precipi toted. 

Expt. 275. — Allow this solution to stand a few days, and 
observe that it has become tinted .and milky, and does not 
smelf (or at any r.ate not so strongly) of the gas. 

This change is due to the f.-ict that the oxygen dissolved in the 
water slowly replaces the sulj)hur of the sulphuretted hydrogen 
and so forms water, while the displaced sul])hur is precipitated 
ill the form of a white powder. 
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Pio. 130. — CompxjHitioii of Sulphuretted 
Hydrogen. 


Quantitative Composition of Sulphuretted Hydrogen.— 

Expt. 276. — In order lo determine, at least partially, the com- 
position of sulphuretted hydrogen, a tube (Fig. 1^10) should 
be about half filled with the gas over mercury (since it is slightly 

soluble in water). In the 

SuiphurtiM^^ ^ bent portion a piece of tin 

4 is placed, and strongly 

/ V heated by a Bunsen burner, 

‘ / the end of the tube being 

y ' 1 1 closed to prevent the nier- 

A / cury being driven out by 

MereJy^ the expansion of tlie gas. 

The tin, when thus heated, 
Fio. of Sulphuretted the sulphur, and 

forms tin sulphide, leaving 
the hydrogen. Observe the volume of the hydrogen when 
the tube is again cool and see that the gas is really hydrogen. 
It is thus found tliat Sulphuretted hydrogen contains its 
own volume of hydrogen. 

For the above exj>eriment and others in which a st)lid has to 
be heated in a closed 
volume of a gas, tlie ^ 
apparatus sliown in i 

Fig. 131, designed by / / — — 

Mr. C. M. Stuart, ^ 

Head Master of St. 

Dunstan’s College, 

Catford, is very con- ^ 

venient. The U-tube 
contains a small (juan- 
tity <»f mercury, just 
sufficient to fill the 
bend, and the solid is 
placed in the bull) of 

the tube cu, which is „ * w u * 

’ Fm. 131.— Ariiuigcmiiiit for Huatnig a Solid in a 

then fixed to tlie U- cloned Volume of (las. 

tube by iiidiarulihcr 

tubing as shown. The gas is jiassed through from h until it is 
considered that all the air is displaced. A little more mercury is 
then poured int<^ the U-tube, the level xy noted, and the drawn- 
out end a having been sealed by a Bunsen flame the solid may 
be heated. 


Flo. 131.— AriiUigcmont for Huatnig a Solid in a 
cloHud Volume of (las. 
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Chief Points of Chapter XVII. 

Physical Properties of Sulphur. — It is a brittle, yellow solid, 
which may easily be reduced to a fine powder. It is insoluble in 
water, but dissolves in carbon disulphide, and also to a small extent 
in turpentine. It melts at about 114“ C. to a clear, yellow, mobile 
liquid, which when poured into cold water solidifies to ordinary 
yellow sulphur. On further heating the yellow li([uid becomes 
darker in colour, and more viscid, until at about 250“ C. it will not run 
out, even though the vcissel containing it is inverted. At still higher 
temperatures the liquid again becomes thin and mobile and finally 
boils, evolving a dark orange-red vapour, which condenses either to 
an orange liijuid or to a yellow powder. If the boiling sulphur be 
poured into cokl water it soli<lilies to a solid resembling caoutchouc. 

Varieties of Sulphur. — This elastic; solid is called sulphur. If 

left in contact with air it returns to ordinary sulphur in a few days 
without any change of weight. The yellow powder into which 
sul[)hur vapour condenses, without passing through an intermediate 
liijuid state, is called fion'trs of suljthur. Ordinary commercial 
sulphur is called roll tfulphur. 

Crystalline Sulphur. — The crystals left when a solution of sulphur 
in carbon disulphide is alhmed to evaporate belong to what is called 
the rhombic system. Those obtained from melted sulphur in the 
manner described in the chapter belong to the moiwcliuic hysltm. 
The monoclinic sulphur crystals w'ill, if left alone, gradually change 
back to the rhombic variety. 

Allotropy is the property some elements, like sul)>hur, possess of 
existing in ditl'erent forms which are known as allot ropic forms. 
The allotropic forms of sulphur are four in number, viz., rhombic, 
monoclinic, plastic, and amorphous. 

Oxides of Sulphur.— dioxidf is formed when sulphur 
burns in aii’ or oxygen. It is also given off when co})per is heated 
with strong sulphuric acid. It is a gas with a pungent smell which 
does not burn nor support combustion and has the power of bleach- 
ing vegetable colours. It dissolves in water to form sulphurous acid. 
When sulphurous acid is neutralised by alkalis, salts called sul2ihites 
are obtaine<l. 

Sulphur Trioxide. - By suitable means sulphur dioxide can be made 
to combine with more oxygen to form a higher oxide known as sulphur 
trioxide. Thi« oxide dissolves in water, with a hissing noise accom- 
panied by the evolution of much heat, to form sulphuric acid. 

Sulphuric Acid is a heavy, oily liquid, whicli boils at 335“ U , giving 
oil* choking, pungent, white fumes. It mixes with water in all pro- 
portions with the evolution of much heat. It absorbs moisture very 
readily Jind is consecpiently used for drying gases. For the same 
reason it chars any organic substance it comes in contact with. 
Sul]>huric acid forms salts called sidphatis. 

Manufacture of Sulphuric Acid. — This depends upon the fact that 
Sulphur ilioxide can be made to unite with more oxygen to form 
sulphur trioxide, which dissolves in water, to form sidphuric ai id. 
Nitrogen peroxide, which is obtained from nitric acid, easily gives 
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up the oxygen required to combine with the sulphur dioxide. The 
nitrogen peroxide is thus converted into nitric oxide, which, by com- 
bining with oxygen from the air, is again changed to nitrogen per- 
oxide, and all the changes are repeated again and again. In practice, 
the sulpliur dioxide, oxides of nitrogen, water in form of steam, and 
air, are all passed into large leaden chambers on the floor of which 
the sulphuric acid, obtained by the changes we have described, 
colle(;ts. 

Sulphides are compounds of sulphur with some other element. 
If sulphur is combined with a metal a metallic indphide is the result, 
such as zinc sulphide or blende. 

Sulphuretted Hydrogen, or hydrogen sulphide, is obtained by the 
action of dilute acids upon certain sulpliides. It is a gas with an 
odour of rotten eggs. It burns in air with a pale blue flame, forming 
sulphur dioxide and water. If, however, there is only a small 
supply of air or oxygen, v'ater is formed and the sulphur di;posited 
as a yellow powder. Sulpliuretted hydrogen will not su])p()rt com- 
bustion. Wlien tlie gas is passed into solutions of certain metallic 
salts, precipitates consisting of metallic sulphides are thrown 
down. 

Double Decomposition. — Those changes where both reacting com- 
pounds ai’e converted into new products by the exchange of some 
constituents, are known as double decompositions, tliiis : — 


Copper 

sulphate 


and 


sulj)liuretted 

hydrogen 


give 


Cop]:)er 

sulphide 




Quantitative Composition of Sulphuretted Hydrogen.— J5v heating 
a piece of tin in sulpluinitted hydrogen, contained in a bent tube 
over mercury, the tin is made to combine with the sul^fliur and to 
lca\'e the hydrogen. If wlien the apparatus is cool the volume of 
the hydrogen is measured, it is found to be the same as that of the 
sulphuretted liydrogen taken at fir.st. 


Questions on Chaptek XVII. 

1. Describe the changes which sulphur undergoes wdien heate<l. 

2. What is plastic sulphur, and how is it obtained 't How would 
you prove it consists solely of sulphur? 

3. Describe two methods for obtaining crystals of sulphur. What 

diflerences are there in the crystals so obtained ? , 

4. What happens when sulphur burns ? By what other method 
can you obtain the product formed ? 

fl. Give an account, of the properties of sulphur dioxide. 

6. What are sulphites, and how are they obtained? By what 
characteristic reaction would you recognise a suljdiite ? 

7. Describe, with a diagram, an experiment to prove that when sul- 
phur burns the product formed weighs more than the original sulphur. 

8. Describe the appearances and properties of sulphur trioxide. 
How is it obtained, and what is its action on water ? 

9. Give a short account of the method of preparation of sulphuric 
acid. 
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10. What are sulphates? Describe a method of preparation, and 
giv(i a short account of the appearancjc and properties of three 
sulphate's. 

1 1. How may sulphide of copper be obtained ? What differences 
are thei’c in Ihe chemical nature, a[)pearance, and properties of 
sulphide e)f eoppcir and sulphate of copper? 

12. If iron and sulphur be heated and the product so obtained 
treated with hydrochloric acid, what gas is obtained ? (live an ac- 
count of its moie characteristic properties. 

13. How could you piove that sulphuretted hydrogen contains 
sulphui’ and hydrogen ? 

14. Sulphuretted hydrogen is passed through solutions of (1 ) copper 
sulphate, (2) lead acetate. Describe what happens, and explain the 
nature of the chemical changes. 

15. If in preparing hydn)gen from iron and hydrochloric acid there 
happened to be sulfdiidc of iron mixed with the iron, with uhat 
would the hydrogen be mixed, and how(iould you obtain this im])ui it \ 
in a pure state ? 

16. What are “flowers*’ of sulphur and how is sul])hur obtained 
in this condition ? 

17. r»y what means may it be prove<l that sul})hure1 t(‘d hjalrogt'ii 
contains its own volume of hydrogen ? 

18. What is meant by a double decomposition? (Jive three 
examples of such changes. 

19. What ditference is there in the chcinical behaviour of a 
sulphite and a sulyhate? How woidd you <]etect the juesence of 
so<lium sulphite in a (juantity of sodium sulj)hate? 

20. What do we mean by allotropic forms? Give examyfles. 



CHAPTER XVITl 

SALT 

Properties of Salt. — We shall now investigate common or 
table salt, and the various products which we can obtain from 
it. At the outset salt itself should be carefully examined, 
and a tible i)re])ared of its characteristic properties. It will 
be thus found to be a white soluble powder, which forms 
crystals in the form of small cubes, containing no water of 
crystallis<ation. It does not sufler any apparent change un- 
less heated very strongly, when it can be fused or melted. 
If a little be placed in the non-luminous llame of a Bunsen 
burner the flame becomes coloured bright golden-yellow\ 

Expt. 277. — Place a little salt in a test-tube, and add some 
strong suli)huric acid ; wrarni slightly. Observcj that a gas is 
evolved which possesses a jM»W'erful pungent odour, and forms 
w'liite fumes in the air. 

We must now endeavour to collect and examine this “salt 
gas.” 


Salt Gas. — Expt. 278. — Fit up a glass flask for the prepara- 
tion of this gas from the above materials, and collect it as 
shown in the diagram (Fig. 128). When fumes form at the top 
of the jar in which the gas is being collected, the jar may be 
regarded as full. Fill two jars, and keep them closed until 
required by pieces of greased glass. 

(1) Insert a lighted taper and observe that the gas does 
not burn, neither does it support combustion. 

(2) Open under water, and observe that the water rushes 
up and completely fills the jar. (Probably owing to the 
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iiicoiiiplote displacement of the air the ^as will not vomj)Utely 
fill the jar, lint it does so if uiimixed with air.) Test the 
solution with litmus pajiers. It is found to be acid. 

We therefore find that the “salt gas” is soluble in water, 
and forms an acid solution. 

Expt. 27fi. — Pass the gas through a solution of ciiustic soda 
until the liquid has become slightly acid. Evaporate the solu- 
tion to dryness, and observe that a white solid is left. Taste 
this solid, and satisfy yourself that it is salt. 

Expt. 280. — Do a similar experiment, using caustic potash 
solution in place of the solution of caustic soda. Observe 
that, as before, you obtain a white solid, which has a taste 
somewhat resembling that of salt. Heat this solid with a 
little sulphuric acid, and observe that the “ siilt gas ” is again 
produced. 

Composition of Salt. — Salt, therefore, results from the 
interaction of the “salt gas” with caustic soda. The solution of 
the “salt gas” is, in fact, the acid which is so frequently used 
under the name of hifdriH-hloric acid^ and the last experiment 
should be again performed with hydrochloric acid in place of 
the “salt gas” in order to verify this sbitement. If the con- 
tents of the flask or test-tube used in the preparation of the gas 
be examined and allowed to crystallise, crystiils are obtained 
of a solid known as sodium sulphate, and we may state that 
Common salt and sulphuric acid yield hydrochloric acid gas 
and sodium sulphate. 

Composition of “Salt” or Hydrochloric Acid Gas.— 

Expt. 281. — In the flask A (Fig. 132) place some salt and strong 
sulphuric acid. Pass the “siilt gas” so obtained over heated 
copper oxide in the hard glass tube BC. Observe that water 
collects in the test-tube D, and that the copper oxide is con- 
veited into a green substance. Examine this green substance 
and see that it also gives off the “salt gas” when acted upon 
by sulphuric acid. 

As water is formed the ‘ ‘ salt gas ” must evidently contain hydro- 
gen, and the simplest explanation of the experiment is that the 
hydrogen of “salt gas” combined with the oxygen of the copper 
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oxide, forming the water, while the copper with the other paH of 
the “salt gas” formed the green substance. 



Expt. 282. — To further investigate this acid gas collect a 
tube full over mercury, and (juickly introduce into it a piece 
of clean sodi\im. Allow it to stand, and observe that the 
volume ot the gas becomes ultimately reduced to one-half the 
original vohfme (correction being made for the difference in 
pressure), while further, the sodium gets covered with a white 
powder which you may satisfy yourself is salt. 

Test the gas left with a lighted Li})er and see that it has the 
properties of hydrogen. 

We have thus found that from hydrochloric acid gas, 
sodium abstracts something and leaves one-half the original 
volume of hydrogen. Hence, also, salt consists of sodium with 
something and this same material with hydrogen forms hydro- 
chloric acid gas. The name given to this material bs Chlorine, 
and we shall now endeavour to obtain this element from the 
hydrochloric acid gas. 

Preparation and Properties of Chlorine.— Exit. *28.3.— 
In a fairly large flask (Fig. 133) put some manganese dioxide 
(a black powder which also occurs naturally in compact masses 
known as pyrohisite). Through the thistle funnel j)our in suf- 
ficient hydrochloric acid {i.e. the strong acid used in the 
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laboratory) to cover the oxide and see that the end of the 
thistle funnel is below the level of the acid. Observe that a 
dark green ish-browui li«iuid results. Warm and observe the 
formation of a heavy green gas which may he collected in the 
same manner as liydio- 
chloric gas.^ In this 
manner iill fi ve jars, and 
close each jar tightly. 

(1) Tn tlie first jar 
])lace some moist 
coloured rags, orhow'ers, 
and »>bscrvc the bleach- 
ing. Writing in ordin- 
ary ink may also 1 h‘ 
bleached. 

(2) T'lunge in a light c‘d 
ta])er and observe that 
the ta])er l)urns, hut 
w'ith the formation of 
clouds of soot, and ob- 
serve that w ater sliahen 
up in the jar becomes 
acid. 

(M) I’lace in some 
filter-paper moistened 
with tur])entine and 
compare the result with 
that ()bt}iiiH‘d in the 
previous experiment. 

(4) Place in the jar, 
by means of a dellag- 
rating s]ioon, some 
burning phosj)horus, and observe it. continues to burn with 
the formation of white fumes. 

(5) Place in the gas some burning sodium, and see that it 
also burns with the formation of white fumes. Dissolve these 
fumes in water, and see that a solution of salt results. 

Pas^k the gas through water for a short time, and observe 
that it is slightly soluble, the solution, known as chlorine 
water, smelling of the gas. 

It is thus seen that sodium with this gas forms salt, and hence 

1 Hie giis is best collected in the open air or in a draught cupboard. 



Fir;. 133. — Preparation «>f Clilormc. 
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this gas is actually the second constituent of the hydrochloric 
acid gas, /.e., chlorine. In the case of the burning taper the 
effect is due to the fact that the hiper consists of two con- 
stituents, viz., carbon an<l hydrogen, and that, wdiereas l)()th 
burn in air to form oxides, only one, the hydi’ogen, can combine 
with the chlorine, forming hydrochloric acid gas (hence the 
acidity of the water), wliile the carbon, being incapable of com- 
bining with the chlorine, gets deposited as soot. In the case of 
the burning phosphorus the wdiite fumes consist of the compound 
of phospliorus and chlorine, i.c., a chloride of phofi 2 )hor}Ui, and, 
similarly, hydrochloric acid gas may be called hydrogen chltyride^ 
and common salt Hodhtm chloride. 

We have seen above that hydrogen can combine with chlorine ; 
indeed, so great is tlieir tendency to unite that a mixture of 
hydrogen and chlorine exjdodes even if exposed to a bright 
light — as direct sunliglit or burning magnesium — and combines 
gradually in diffused daylight, the mixture being seen to lose the 
green colour imparted to it by the chlorine. If the combination 
is effected in the eudiometer described on i)age 240, it is found 
that 1 volume of hydrogen combines with 1 volume of chlorine 
to form 2 volumes of hydrochloric acid gas, so that in this case 
there is no contraction during the formatitm of the compound. 
Also, if a concentrated solution of hydrochloric acid be decom- 
posed by the electric current in the voltameter, equal volumes of 
hydrogen and chlorine result, although at the commencement of 
the exj)erinient more hydrogen seems to be obtained, this being 
due to the solution of the chlorine. 

Summary of Results. — We may summarise our results thus ; 
Chlorine obtjiined from hydrochloric acid and manganese dioxide 
is a very heavy, yellowish-green gas, with an irribiting, choking 
smell. It is soluble in water, the solution having an odour 
similar to that of the gas. It possesses powerful bleaching 
properties. Though it does not burn itself, it is caj)able of 
supporting the combustion of many bodies, with the formation of 
chlorides. Of these, sodium chloride is ordinary tii})le siilt, and 
hydrogen chloride is hydrochloric acid gas, which consists of 
ecjual volumes of hydrogen and chlorine united without con- 
traction, this union occurring directly in daylight. Tito w eight 
of a litre of chlorine [which may be found by weighing a flask 
full of (1) air or hydrogen, (2) chlorine, and allowing for the 
weight of air or hydrogen in (1)] is about 3 18 grams, so that it 
is about 35*5 times as heavy as hydrogen. 
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As when salt or other chloride is heated with sulphuric acid it 
gives rise to hydrochloric acid, it follows that chlorine may be 
obh-tined by heating a rhloridf' with sulphuric acid an<l manganese 
dioxide, and this also forms a convenient test for chlorides. 

Various Compounds of Chlorine.— Expt. 284.— Pass 
chlorine for some time through a }>oilin<f solution of caustic 
pohash. Allow the solution to crystAllise, and examine the 
crystals which first separate out. They will be found to con- 
sist of potasshim chlorate, which evolves oxygen when heated, 
either alone or with a little manganese dioxide. 

We thus obtain potassium chUmtte from chlorine and hot 
potixsh, while some jaitiissium chloride is also formed. The 
chlorates may be i-egarded as derived from an acid, which we 
may call chloric acid, just as the chlorides are derived from 
hydrochloric acid, and which difiers from the latter acid in 
containing oxygen as well as hydrogen and chlorine. 

Of the chlorates, jxdasscum chlorate is by far the most im- 
portant, being largely employed in the manufacture of matches 
and in pyrotochny. 

Exi*t. 285. --Pass chlorine through a cold solution of cfiustic 
potash, and observe that you no longer obtain potassium 
chlorate. 

In this case there results, as before, potassium chloride ; the 
second product is, however, not potassium chlorate, but a com- 
pound containing a smaller percentage of oxygen, and termed 
potassium hj/pochh trite, which, by the action of acid, liberates 
chlorine. By em])loying lime in place of caustic potash a some- 
what similar mixture results, consisting of lime with a compound 
of the chloride and hypochlorite. This also evolves chlorine 
when acted utum by an acid, and is hence very largely employed 
for bleaching, under the name of hleachimj powder, which is 
manufactured^on the large scale by the method indicated above. 

Chief I’oints of Chapter XVIII. 

Common Salt is a white soluble powder which forms crvstals in 
the form of small cubes, containing no water of crystallisation. 
When very strongly lieated it melts. It imparts a golden-yellow 
colour to the flame. When heated in a tube with strong sulphuric 
acid, a gas with a powerful pungent odour and which forms fumes in 
air is gi'"3n off. This gas we provisionally called “ salt gas."' 

Propertiei of “ Salt Gas.” — It neither bums nor supports com- 
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buation. It is very soluble in water forming an acid fiohifion. If 
passed into a solution of caustic soda and the resulting solution 
evaporated to dryness a wliite solid is olitained whicli is found to be 
salt. Since tlie same results follow if this experiment is repeated, 
Rubstitiiting hydrochloric acid for “salt gas,” we are justified in 
calling “ salt gas” 1)}^ the name of hydrochloric acid gas. We may 
theiefore state that Ccnnmon saJt and sulpluirir acid yield hydro- 
chloric acid (fas and sodimn mlyhadc. 

Composition of “ Salt-” *01 Hydrochloric Acid-Gas. — When the acid 
gas is passed over heated eop])er oxide, water is formed and (;an ])e 
collecttMl. Water contains hydrogen, therefru-e ]>robably this hydro- 
gen was obtained from the “ salt gas.” The copper oxide becomes 
changed into a green substance; probably the co])per of the oxide 
has (;ombined with the other part of the “ salt gas” to form the green 
compound. 

The “ salt gas ” is jn'orcd to contain hydrogen, to the extent of one- 
half its volume, l)y the action of a piece of sodium upon a quantity 
of the gas in a tula; over nierfuiry. Half tlie amount of hydrogen is 
found left in the tube. The other constituent of the “ salt gas ” com- 
bines with tlie sodium to form salt again. The name* given to this 
other constituent is chlorine. 

By means of the eudiometer and tlie voltanuder (see (yhap. XVI.), 
tlie liydro(!hloric acid gas can be pi'oveil to be maile up of one volume 
of hy<lrogen (ind on<} volume of cldorine combined to form two volumes 
of hydrochloric acid gas. 

Preparation and Properties of Chlorine. — Cldorine is obtained from 
hydrochloric acid b3' heating it with mangaiujse dioxide. The gas 
being heavier than air is collected b^^ doMnward displacement as 
in Kxpt. 288. 

Chlorine is a very heavy, j^ellowish-green gas with an irritating, 
choking odour. It is .soluble in water and tlui solution .smells like 
the gas. It po.ssesses powerful bleacdiing properties. Though it 
does not itself burn, it is capable of supporting the condiustion of 
man}’ bodies, with the formation of chloridts. The wtught of a litre 
of chlorine is about 3*18 grams, it is hence about 35*5 times as Jieavy 
as hy<lrogen. 

Various Compounds of Chlorine. — Potassium chlorate can be 
obtained by passing chlorine for .some time through a hoilinif solution 
of (;austic potash and allowing the solution to crystallise. The 
chlorates are salts of an acid known as chloric acid. Potassium 
chlorate is the most important chlorate ; it is used in the manu- 
facture of matches and fireworks. 

Potassimn hypochlorite, is obtained by passing chlorine through a 
cold .solution of caustic pota.sh. If lime is used instead of caustic 
potash, a mixture called hleachiny-pomltr is obtained. 

Questions on Chapter XVIII. 

1. How is hydrochloric acid obtained? Give a short account of its 
chief properties. 

2. What are chlorides? How may they be obtained? Give 
examples. 
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3. Briefly indicate the reasoning which leads to the supposition that 
hydnKjliloric; acnd gas contains hydrogen united with another gas, 
and state liow this second gas may be obtained from the acid. 

4. What is the general eflectof hydrochloric acid upon {n) metals, 
{b) oxides? 

5. liow may it be proved that hydrochloric acid gas consists of 
one half its volume of (a) hydrogen and {h) chlorine ? 

6. Describe the properties of chlorine, and state how you would 
obtain the gas from salt and then reconvert it into salt. 

7. What are chlorates ? How do they differ from chlorides ? 

8. Un^ler what conditions does chlorine unite with {a) hydrogen, 
[h) phosphorus, (r) sodium ? 

0. A lighted taper is placed in a jar of chlorine, what happens, 
and why ? 

10. How may chlorine be (a) obtained from, (b) converted into 
hydrochloric acid ? 

11. What is the action of sulphuric acid upon salt? What are 
the properties of both yn'odiirfs 

12. Droin hydrochlor-ic acid how (umld you obtain (a) hydrogen, 
{b) (jommon salt, (r) potassium chlorate ? 

13. ^^dl^t is Ideac.liing powder? How' is it obtained, and on what 
d(H‘s its chief use de})end ? 

14. By what chemical tests would you recognise a metallic 
chloride ? 



CHAPTER XIX 

CHEMICAL NOMENCLATURE 

Atoms and Molecules. — We are now in a position to under- 
stand the nomenclature employed by chemists to re])resent the 
various chemical changes which we have been studying. All 
matter is supposed to be built up of minute particles termed 
atoms. These usually exist combined with other atoms to 
form molendes, and these molecules are the smallest particles 
of matter which can have a separate existence. In a compound 
the molecules are composed of a number of ditfereiit kinds of 
atoms united together. In an element the atoms are all <^f the 
same kind. 

Chemists represent the atoms of the various elements by 
letters. These are in general the first letter or, sometimes, the 
characteristic letters of the name (or Lrfitin name) of the element. 
Thus the letter H represents the atom of hydrogen, and () the 
atom of oxygen. To represent a compound, a formula consist- 
ing of a combination of symbols is employed. Thus water must 
evidently be rejiresented by some combination of the letters H 
and O, but we do not yet know the number of H’s and O’s which 
we must employ. t 

Avogadro’s Law. — In order to deduce the formuhe^pjdicable* 
to the different compounds, we must make use of a law first enun- 
ciated by the Italian chemist Avinjadro, and which is now 
almost universally accepted by chemists. This law sbiles that 
Equal volumes of all gases under similar conditions of tem- 
perature and pressure contain equal numbers of molecules. 

Formula for Hydrochloric Acid Gas.— From what we have 
learnt concerning the formation of hydrochloric acid gas, we know 
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that 1 volume of hydrogen combines with 1 volume of chlorine to 
form 2 volumes of hydrochloric acid gas, that is, by Avogadro’s 
Law, a certain number of molecules of hydrogen combine with the 
same number of molecules of chlorine to h)rm twice that number 
of molecules of hydrochloric acid gas ; so that 1 molecule of 
hydrogen must combine with 1 molecule of chlorine to form 2 
molecules of the compound. Moreover, as each molecule of 
hydrochloric acid gas must contiiin at Imst 1 atom of hydrogen 
and 1 atom of chlorine, then the 2 molecules must contain 
at least 2 atoms of each element, and therefore 1 molecule of 
hydrogen (which gives rise to 2 molecules of hydrochloric acid 
gas) must contiiin at least 2 atoms of hydrogen, and similarly, 
each molecule of chlorine must contain at least 2 atoms of chlo- 
rine. This is the number of the atoms in the molecule of these 
elements if the compound we have considered contains 1 atom 
of each element, and this, the simplest exjdanation, is that which 
really holds. The formula for hydrochloric acid gas may there- 
fore be written as H(.l. This result which we have found for 
hydrogen and chlorine, is also generally true for other gaseous 
elements ; so that we may st?ite, as a fairly general rule, that 
The molecule of a gaseous element contains 2 atoms. 

Formula for Water. — The formation of water gives a slightly 
more complicated case, since it was found that 2 volumes of 
hydrogen with 1 volume t)f oxygen form only 2 volumes of 
water vapour. From this it follows, howx‘ver, by Avogadro’s 
Law, that 2 molecules of hydrogen with 1 molecule of oxygen 
form 2 molecules of water, and hence from what has been 
previously suited, 4 atoms of hydrogen combine with 2 atoms of 
oxygen to form 2 molecules of water. Each molecule of w'ater 
therefore consists of 2 atoms of hydrogen with 1 atom of 
oxygen. We cjin consequently represent the molecule of water 
by the formula H 2 O. 

Chemical Equations. — We may now learn how to rc})resent 
the formation of compounds by what are termed chemical 
e(fi(ations. The formuhe of the reacting bodies are placed on 
the left hand side of the equality sign, and those of the 
products on the right. 

( 1 ) = 

that is, 

2 mols. hydrogen with 1 mol. oxygen form 2 mols. of w ater. 

1 Tn this formula for water the uinall 2 only refers to the H, the large 2 to the 
whole group, and similarly in the other formulae employed. 
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(2) H, + Cl2=2HCl. 

1 mol. hydrogen with 1 mol. chlorine form 2 mols. 
hydi’ochlorie acid gas. 

Atomic Weights. — We have, however, found that any volume 
of oxygen is Ki times as heavy as the s^ime volume of hydrogen, 
so that each molecule of oxygen is 16 times as lieavy as a 
molecule of hydrogen. Oonsecjuently the ratio of the weight 
of the atoms must also he 16. So that if we regard the weight 
of an atom of hydrogen as our unit, the ((Umvic 'irei<fht of 
oxygen must he 16. The atomic weight of an element is, 
therefore, the ratio of the weight of its atom to the weight 
of the atom of hydrogen. 

By similar reasoning the valuti 35*5 may he ohhiined as the 
atomic weight of chlorine (.sv^ p^ge 266), and hence the symhols 
Cl, O, and H will reju'esent resj)ectively 35*5, 1() and 1 ])arts 
hy weight of chlorine, oxygen, and hydrogen. A list of the 
symhols of the elements with their atomic weights is given on 
page 275, hut we shall in general use simplified numbers, as 
16 in place of (15'87) for oxygen. 

We may, therefore, extend the meaning of the chemical 
equations given above and read thus : — 

2H,-f()o = 2H/). 

4 (--2x2) parts hy weight of hydrogen with 32 ( = 2x16) 
parts hy weight t)f oxygen unite to form 36 ( = 2 x 2 + 2 x 16) j)arts 
hy weight of water. 

Formulae for Sulphur Dioxide and Sulphuretted Hydro- 
gen. — It may he easily proved experimentally that when 
sulphur burns in oxygen there is no alteration of volume. 
From this, hy an aj)] dication of Avogrado’s Law, it fidlows that 
from a certain number of imdecules of oxygen we obtain the 
s(nne number of imdecules of sulphur dioxide, Hence each 
imdecule of this compound is (d>tained from 1 molecule, i.e.y 
2 aUmis, of oxygen. This does not show how many atoms of 
sulphur arc present, hut if we assume the presence of 1 atom 
the formula would he SO^. As we have jireviously fo^ind that 
sulphur gains 100 per cent, in weight on burning, it is clear 
that the 1 atom of sulphur has the same weight as 2 atoms of 
oxygen, 7.e., the atomic weight is 2x16 = 32. This number 
agrees with that obtained for the atomic weight of suljdiur by 
other methods, and hence indicates that the formula adopted is 
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correct, t.e., sulphur dioxide may be represented by the forinuhi 
SO 2 . Sulphuretted hydrogen is also found to contain its own 
volume of hydrogen, and by analogous reasoning we obbiin SH^ 
for its formula. 

Equivalent Weights and Valency. — The methods employed 
for finding the atomic weights differ in different cases. A method 
of frecpient application is to find the weight of an element wliich 
can disjdace 1 gram of hydrogen from a compound, or which 
unites with 8 grams of oxygen, or with 35 ’5 grams of chlorine 
(these being the weights which unite with 1 gram of hydrogen). 
For example, it may be readily found that 12 grams of magne- 
sium displace 1 gram of hydrogen from an acid,^ or that 23 grams 
of sodium displace 1 gram of hydrogen from water. These values 
12 and 23 may be called the equivalent weights of magnesium 
and sodium. It is, liowever, considered that while 1 atom of 
sodium replaces 1 atom of hydrogen, yet the atom of mag- 
nesium is ca})able of replacing 2 atoms of liydrogen. The atomic 
weight of sodium is therefore 23, but in the case of magnesium 
the atomic weight is 12 x 2, for w'e have found that the magne- 
sium is 12 times heavier than the hydrogen it displaces, that is, 
each atom is 12 times heavier than 2 atoms of hydrogen, i.e.^ 24 
times the weight of 1 atom. The number of hydrogen atoms 
which 1 atom of an element can replace is called its valency, 
and from what lias been said it will be seen that the atomic 
weight = equivalent weight x valency. 1 1 would, how ever, take 
us too far to discuss the methods of determining the valency, or 
other methods of finding the atomic weights. 

Molecular Weights. — It follows from Avogadro’s Law that 
the ratio of the weight of any volume of a gas to the w^eight of 
the same volume of hydrogen, is eipial to the ratio of the w'eight 
of each molecule of the gas to the w^eight of the molecule of 
hydrogen ; that is, the densittf of the gas referred to hydrogen 
is the ratio of the molecular weight of the gas to the molecular 
weight of hydrogen. Since the molecule of hydrogen contains 
2 atoms, its molecular w^eight is 2 ; hence 


Density refen'ed t,. hydr,«en = M.,1 wt, of gns 

^ ^ Mol. wt. of hydrogen 

Mol. wt. of gas 


1 This experiment may easily be performed witlk the .apparatus described in 
Expt. 296. 
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SO that the molecular weight of a gas is double its density 

(referred to hydrogen). 

Chemical Actions Eepresented by Equations.— We will 
now give a number of equations to represent some of the 
chemical reactions we have studied. In all the cases the 
(quantitative relation should be found and written down. The 
decomposition of potassium chlorate by heat is req)resented by : — 

2KC10o = 2KCl + 3().,, or 

2 X 122 -5 ( = 39 + 35 5 + 48) ‘ 2 x 74 *5 ( = 35 '5 + 39) 

parts by weight of will yield })arts by weight of 
potassium chlorate j)otassiiim chloride 

with 3 X 32 q>arts by weight of oxygen. 

Tlie burning of sodium, carbon, ])hosj)horus, and sulphur are 
respectively represented by : — 

2N a^ + O., — 2N a.,0. 

C + ()2 = 002 

S 4" ^ ^2 ~ 

P4 + 5(L = 2P2(.Xv 

(Write these also in words and, using the atomic weiglits on 
page 275, give the weights of the su})stances taking ])ai*t in the 
reactions as is done in the above examjde.) 

The disqdacement of hydrogen from water or acids, is given by 
the e(quations : — 

2H2O + Na2 == 2NaOH + H.,. 

Zn -j- H2^0 ;j = ZnSO^ 4- TT2* 

It will be noticed that according to the first e(piation, only 
one half the hydrogen is eliminated from water by sodium, and 
it may be shown that caustic s<xla still contains liydrogen. 

The formation of sulphur dioxide is more complicated : — 

Cu + 2H2S04=:CuS()t4-S()2 + 2H20 ; 
that is, copq)erfonns with sulphuric acid coj)i)er su^T)hate, sulphur 
dioxide, and water ; while the formation of sulphur trioxide and 
sulphuric acid are very simply shown : — 

(1) 2SO. + 02=280.3. 

(2) S03 + H20 = H2S04 

The sulphide of iron we have used is represented by FeS (the 
symbol Fe standing for iron, ferrnm\ and the reaction of the 
sulphide with sulphuric acid by the equation : — 

FeS + H2SO4 = FeSO^ + SHg. 
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The equation for the preparation of chlorine is frequently 
written in two stages : — 

(1) MnO, -h 4HC1 = MnCl 4 + 2 H 2 O 

(2) MnCl4 = MnCl2 + Ol2. 

This indicates that an intermediate compound (MnCl^) is 
ormed, which, however, decomposes to form a lower chloride 


Table of Elements with their Symbols and Atomic 
Wekjhts. 


Element. 

Symbol. 

At. Wt. 

Aluminium . 

A1 

27*02 

Antimony . . . 

Sb 

119 0 

Argon 

A 

89 •8(? 

Arsenic 

As 

74-9 

Rarinm . 

Ba 

180*8 

Lerylliuin ... 

Be 

9*1 

Kismuth 

Bi 

207*5 

Boron 

B 

10*9 

Bromine 

Br 

79*7 

Cadmium .... 

Cd 

112 

Csesium 

Cs 

182*7 

Calcium 

Ca 

39*9 

Cai’bon 

c 

11*97 

Cerium 

Ce 

140 

1 Chlorine .. . 

V\ 

85*8 

Chromium . 

Cv 

52 4 

Cobalt 

Vo ' 

58*0 

Copper 

(’ll 

(>8*2 

Didymium .. 

Hi 

148 

Erbium 

J^r 

100 

Eluorine .... 

F 

19 

C allium 

Ca 

69*8 

Cermaiiium ... 

Ce 

728 

Cold 

Au 

190*7 

Helium ^ 

He 

4*4 

Hydrogen ... 

H 

1 1 

Indium 

In 

1 118*4 

Iodine 

I 

120*6 

Iridium 

Ir 

192*0 

Iron ..^ 

Fe 

55*9 

Lanthanum ... 

La 

188 

Lead 

Fb 

200*3 

Lithium 

Li 

7 

Magnesium . 

Mg 

24 

Manganese ... 

Mn 

54*8 


Element. ; Symbol. | At. Wt. 


Mercury . .. 

Hk 

2(M) 

Molybdenum . 

Mo 

<«-7 

Nickel 

Ni 

58*6 

Niobium .... 

Nb 

94 

Nitrogen .... 

N 

14*01 

Osmium . . . 

Os 

190*3 

Oxygen 

0 

15*87 

l*alladium ... 

Pd 

106*2 

Phosiihorus .. 

P 

31 

Platinum .. . 

Pt 

194*3 

Potassium 

K 

89 

Rhodium .... 

Rh 

103 

Rubidium 

Rb 

85*2 

Ruthenium ... 

Ru 

102 

Samarium . . 

Sm 

150 

Scandium .. . 

Sc 

44 

Selenium . . . . 

Se 

79 

Silicon 

Si 

28*8 

Silver 

Ag 

107*9 

Sodium 

Na 

28 

' Strontium . . . 

Sr 

87*5 

Sulphur 

S 

82 

Tantalum.. . 

Ta 

188 

Tellurium . 1 

Tii 

125 

Thallium .... 

T1 i 

204 

Thorium ' 

Th : 

232 

Tin 

Sn 1 

117*7 

Titanium . 

Ti 

48 

Tungsten 

W ' 

184 

Uranium ... 

u 

239 

Vanatlium . 

V 

51*1 

Ytterbium 

Yb 

173 

Yttrium 

Y 

89 

Zinc 

Zn 

05 

Zirconium . . . 

Zr 

90*4 


T 2 
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of manganese and chlorine. As, however, it is improba})le that 
the comi)ound MnCl^ exists, it is preferalde to write the reaction 
in one e(] nation ; — 

MnO, + 4HC1 = MnCla + 2HoO + CL. 

The student should endeavour to represent other actions, as 
tile Vjurning of sulj)hurettod hydrogen, ttc., by equations, tfiking 
great care that th(i same number of atoms of each element occur 
on the two sides of the equation, and paying attention to the 
known formuhe and the valencies given. It must ])e remembered, 
however, that an ec^uation is a representation of a fact, and the 
student must be careful to avoid attempting to make his version 
of chemical facts agree with (ju^savd equations which though 
apparently possible d(j not really represent actual reactions. 


Chief Points of Chapter XIX. 

Atoms and Molecules. — All matter is supposed to be built up of 
minute particles termed atom^s. These usually exist combined with 
other atoms to form molecnhs. The molecailes of a conq)ound are 
cfunposcd of (lifFerent kinds of atoms united together. In an 
element the atoms are all of the same kind. 

Chemical Symbols. —Chemists represent the atoms of various 
elements l>y letters which are in general the first letter, or the 
f:haracteristic letters, of the English or Latin name of an element. 
Thus H represents the atom of hydrogen and Cl the atom of 
chlorine, 

Avogadro’s Law. — Equal volumes of all gases under similar con- 
ditions of temperature and pressure contain ecjual numbers of 
molecules. 

Chemical Equations enable the chemist to represent (diemical 
reactions b}^ means of symbols. The formuhe of the reacting bodies 
are placed on the left-hand side of the equality sign, and tliose of 
the products on the right. 

The Atomic Weight of an element is the ratio t)f the weight of its 
atom to the weight of an atom of liydrogen. Thus, ,fvhen we say the 
atomic weight of cihlorine is 35*5, we mean that the atom of chlorine 
is 35 '5 times as heavy as the atom of hydrogen. 

The Equivalent Weight of an element is that weight of it which 
can just replace 1 gram of hydrogen in a compound. 

The Valency of an element means the number of atoms ofrhydrogon 
one atom of it is able to replace. 

Atomic Weight = Equivalent Weight x Valency. 
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Questions on Chapter XIX. 

]. Wlmi do you mean by the terms “atom” and “molecule?” 
Carefully point out the difference between them. 

2. What is Avogadro’s Law? Indicate the use of this lav\^ in the 
determination of molecular formuhe. 

3 What is meant by “atomic weight” ? How does it differ from 
“ equivalent weight” ? Under what circumstances are they e<|ual ? 

4. How would you endeavour to fiml the c<j(ui valent Mciglit of a 
metal soluble in sulphuric acid ? 

5. Ry what experiments and reasoning would you show that 
hydrochloric acid gas should be representeil by the formula HCl? 

6. What is “valency '? (live examples of elements possessing 
different valencies. 

7. What is a chemical ecpiation ? Write down tlie equations 
representing the changes of any three chemical oj)erations you have 
seen, and give in words the exact meaning of the etjuation. 

8. Write in words the exact, meaning of the ecpiation 21vC10;i — 
2KC1 + 30.J. From this ecpiation calculate the weight of oxygen 
obtainable from 1(K) grams of potassium chlorate. 

0. Explain how the measurement of the density of a gas leads to 
the detei’iiiination of its mole<ndar weight. State in words the law 
upon wdiich this determination is based. 

10. Ex])lain clearly why we represent the molecule of water by 
tin; formula HgO. 

1 1. “The molecule of hydrogen must contain at least two atoms.” 
Justify this statement. 

12. Sulphuretted hydrogen may he proved experimentally to con- 
tain its ow n volume of hydrogen. Describe the experin»ent, and saj” 
what it proves regarding the mokculc of sulphuretted h^drogeio 
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PHOSrHOllUS ANJ) JTS COMPorNDS 

General Characters of Phosphorus. Pli()s])li()rus, like sul- 
]jlnir, exists in diftereiit allotropic forms, {iiul these must be first 
examined. Ordinary phosphorus, which is always kept under 
water, will prol)ab]y ajjpear at first to be a yellow, or brown, 
opa(pie solid. This is not, how^ever, its true ap 2 )earance, but 
only that of a film which coats the exterior. If a piece be cut 
it wdll be found to consist of a waxy, translucent solid, of a 
pale yellow colour. It very readily inflames, contact with any 
warm object being sufficient to start the combustion. For this 
reason it should not bo handled, and when not in use should be 
ke])t immersed in water, in which it is insoluble. Phosphorus 
glows in the dark, forming white fumes. Both glow and fumes 
are due to its gradual oxidation. Phosphorus itself, as well as 
the fumes of its oxide, is poisonous, and hence care must be 
taken during its use, both on this account and on account of its 
inflammability. 

Expt. 286. — Place a little iihosphorus in an evaporating basin 
containing water and heat slowly. Observe tlie teinj^erature 
at which the phosphorus is seen to melt. Allow it to cool. 

You will find that the phosphorus melts at about 43' C., but 
remains li(iuid below this tem})erature. This is f^*e(iuently the 
case with melted solids, but during the scdidification the tem- 
perature again rises to the melting point. If the water be 
poui’ed off, the phosphorus frei^uently catches fire, as it inflames 
in air at a temj)erature below the melting point. o 

Exi’T. 287. — Shake u]) a small piece of phosphorus in 
carbon disulphide. Observe that it dissolves. Pour the solu- 
tion on to a piece of filtei’ paper. Observe the effect. 
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In this exporiinont the evaporation of the solvent, leaves the 
{)hosph rus dei)ositod on the filter paper in so finely divided a 
state tl at it rapidly oxidises, charring the paper, even setting it 
aliglit. By careful evaporation of the solvent crystals may be 
obtiiined. 

Red Phosphorus. -Tliis allotropic form of jdiosphorus is a 
dark, brownish-i'ed powder. Examine it carefully and note well 
the difiereiices from the ordinary variety, sul)stituting red 
phosjihorus, and try again the various ex])eriments ])erformed. 
It will be found to l)e insoluble in carbon disuljdiide, and to 
only ignite when strongly lieated (240 C.). It is not luminous, 
neither does it oxidise when exposed to moist air. It is 
therefore not necessary to keep red phosj)horus under water. 
Red phos])horus, (»r amorjihous phosphorus, as it is also called, 
is, further, non-]K>isonous. 

Phosphorus and Oxygen. * We have stated before that when 
phospliorus Imrns it forms a comjiound called phosphorus ])enU 
oxide. This is the product of combustion when either red or 
yellow phosphorus is used, and this fact may serve to j>rove that 
the two varieties are chemically i«lentical. The composition of 
the oxide is represented by the formula prefix ptut 

(five) indicating the number of atoms of oxygen in the molecule 
of the compound. The j)roj)erties of this oxide have ])een 
already ])artially studied (p. 222). It is a white amor]>hoiis 
powder which dissolves very readily in water, forming an acid 
solution. 

If left ex[)osed to the air it absorbs moisture, being, in fact, 
one of the most ])owerfu] t>f drying agents, on account of which 
it is frequently used as a (h'luidraior (/.c., for the j^urpose of 
removing moisture from gases or liquids). For the same reason 
it is of service in promoting many chemical reactions, the 
essential part of which is the removal of the elements of water. 

Phosphoric Acid and Phosphates. The acid solution which 
results on tht^solution of the oxide, P./I-, in water is known as 
phosphoric acid,^ and its conq)osition is represented by the 
formula H 3 PO 4 , so that we may write the eijuation for its pro- 
duction thus : — 

P,(), + 3H20 = 2 H 3 P 04 . 

We may also obbiiii the acid directly from phosphorus itself by 

1 This acid results if the water bo hot : if cold water be used, another acid, which 
gradually changes to this, results. 
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means of nitric acid, which is a powerful oxidising agent (i.e., a 
substiince which readily gives up oxygen to other bodies). 

Exi*t. 288. — Place some phosphorus, cither variety, in an 
evaporating basin, add some nitric acid, and warm gently 
in a draught cupboard. Notice the energetic action and the 
evolution of red fumes (a sign that the nitric acid is giving uj> 
oxygen). Evaporate nearly to dryness, then add a little more 
nitric acid and evaporate down again. You thus obtiiin a 
gelatinous product, which cools to a hard glassy mass. 

The phosphoric acid so obtfiined is a crystalline solid, which 
dissolves in water. Like the other acids already examined, it 
may be neutralised by the addition of caustic soda, /iiid a salt 
obtained. The salts obtained from phosjilioric acid are known 
as plKtHphAiiea. Owing to the presence of three hydrogen atoms 
in the molecule of phosphoric acid, we may obbiin three sets of 
salts in whicli one, two, or three hydrogen atoms are rejdaced ,* 
thus with sodium we may obbiin trisodium phosphate, Na.jl’04 ; 
hydrogen disodium phosphate, HNa2P04 ; and dihydrogen sodium 
phosphate, H2NaP04. Salts like the two latter, in which all the 
hydrogen is not re])laced are known as acid salt a ; those which, 
like the first, contain no acid hydrogen arc termed normal sails. 

Phosphorous Oxide. — Other oxides of phosi)horus, however, 
exist besides the pentoxide, and of these the most important is 
that known as phosphorm trioxide^ phosphorous oxide ^ or phos- 
phorons anhydride., P4O6. This results, to a small extent, when 
phosphorus burns in air, the quantity increasing when the sup])ly 
of air is insufficient. It is a white solid with a gai’lic-like odour, 
and it differs greatly from the pentoxide in its action on water, 
as it is only very slowly dissolved, forming an unstable acid, 
phosphorous acid, H3PO3, the salts of which are called phosphites. 

Compounds of Phosphorus and Hydrogen. -By the action 
of phosphorus on caustic soda, a most remarkable product 
results, and the following experiments should be dore to obtain 
and study this compound. 

Exi’T. 289. — Fit up apparatus in the manner indicated in 
Figure 134. In the retort jdace some pieces of phosphorus 
and a strong solution of caustic soda. Tlien comfiletely 
displace the air from the apparatus by means of a current 
of coal gas. When this is done the retort may be heated. 
Observe that action goes on inside and that a gas with an 
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offensive odour, recalling that of rotten fish, is evolved. After 
a short time each bubble f)f the gas ignites directly it reaches 
the air, forms a bright flash and a white cloud which ascends 
as a cloud ring. Collect a jar of the gas, but do not remove 
it from the water, i)as.s iqi into it a piece of litmus j)aper. 
Observe it has no action. A11()W this jar to stand over water, 
and examine the next day. It does not now ignite when exposed 



to the air, but on the a])plication of a lighted ta])er burns with 
formation of white fumes. 

N.B.-- Be very caieful not to let the water rush back into 
the retort, otherwise it will crack and an explosion result. 
This is easily prevented by turning on the coal gas should 
the water be seen ascending from any cause. 

The gas so obtained is a comj)ound of j)hosphorus and 
hydrogen, know n as phosphine or phosphoretted hydrogen, and 
represented by the formula PH.,. This formula may be proved by 
the decomj)osition of the gas by electric sparks, when it forms red 
phosphorus and hydrogen, 2 volumes of gas yielding 3 volumes 
of hydrogen. ^^By the action of chlorine, also, it forms a chloride 
of phosjdiorus and hydrochloric acid, which we know contains 
hydrogen. The white fumes formed during its combustion 
consist of a mixture of w^ater and a com]jound known as meta- 
I)hos})hofdc acid, and the e(j nation for this action may be thus 
written : — 

PH3+20j,-H20 + HP 03 . 

Mota- 

phosphoric 

^cid. 
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The gas is poisonous, so that care has to l)e taken that it is not 
inhaled in an appreciable (piantity ; the preparation is best per- 
formed in a draught cupboard or in the oi)en air. It was seen that 
the gas loses its jjroperty of s2>onianc(nis if allowed 

to sbind over water, and the same eflect results if the gas be passed 
through a cooled receiver before collection. This indicates 
that tliis i)roperty is not due to the gas itself, but to some 
other product mixed with it, and separated from it, by either of 
the above methods. This other ju'oduct- is also a compound of 
])hos])borus and hydrogen, but it has a comi>osition represented 
by the formula PJlj, and is liquid at ordinary teiiq )eratures. It 
is, as we should ex2)ect, s])oiitaneously inllammable, and its 
])resence in other combustible gases, as the gaseous j)hosphine, 
hydrog(‘n, Ac., causes them, also, to ignite in air, and become 
themselves si)onLineously inllammable. 

In the retort (Exj)t. 28 b) used for the ]>reparation of the gas 
there remains, together with the excess of ))hos}>horus and 
caustic }K)tash, a compound known as siKliinn Jn/jHiphos/thiU. 

Manufacture of Phosphorus. --Phos])horus is employed for 
various purposes, but the greatest <juantity is used for the jiro- 
duction of matches, the ti])s of which consist of a little wax 
with phosphorus and potassium chlorate. The chief st)urce of 
phosphorus is the residue obtained on burning bones, which is 
known as Imne o.sTi, and consists of plufsjthde of ridciirtnf Ca/P04)2. 
This ])roduct is converted into phosphoric acid by treating with 
suljdiuric acid, when the following change Likes jdace : — 


(Jalcium ^ , suljjhuric r . calciinn 
phosjdiate acid suli>hate 

Ca(P 04 )^ + = 3CaS04 


mid 

+ 2H,PO^. 


The calcium sulphate, being insoluble, is easily separated from the 
aciil, which is then concentrated and heated with powdered coke 
in cast iron retorts connected with })ii)es dipping under water, 
by which means phosphorus is obtained. The reactions for this 
j)rocess may be thus represented : — 


4HP().j + 120 = P20O+2H + 4P. 

The crude }jhos]diorus so obtained is purified by melting under 
warm water, the melted jdiosphorus being then cast, while still 
under water, in the form of round sticks. 
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Chip]f Points of Chapter XX. 

Phosphorus, like sulphur, exists in different allotropie forms. 

Ordinary phosphoruf^ is a Maxy, traiishuHiiit sobM of ])ale yellow 
(iolour. It veiy readily inflames and should not, in (jonserjiieruie, be 
handled, and wlien not in use shouM be ke])t immerse<l in water. It 
glows in the <bu-k, evolving white fumes. It is poisonous. It melts 
at about 43 ' ('. It is soluble in carbon disulphide. 

phosphorif'^ is a dark brownish-red pf)wder, insoluble in 
(carbon <lisulphi<le, and onl}'^ ignites when strongly heated. It is 
non-j>oisonous. It need not be ke])t in water. 

Phosphorus and Oxygen. — When either ordinary or red phosphorus 
is burnt in air or oxygen a compound called phosphorus pndoxiilr, 
P.iC;,, is formed. It is a white amorphous powder which dissolves 
vei’v readily in wat(‘r, to form an acid solutirm known as phosphoric, 
arid, H,POi. [P,(b, + 8H..()-2H3P04.1 Phosi)horic acid may be 
obtained directly from ])hos]>horus by oxi<lising with nitric acid. 

Phosjdioi'ic acid forms salts called phos/Jiaff s. Since jihosphoric 
a(;id (iontains three atoms of displaceable hydrogcui it is jrossible to 
obtain three different sodium salts of ))hosphoric acid ; those salts 
which (jontain atoms of hydrogen as w'ell as sodium are knowm as 
arid saJfs, while those in wdiich all the hydrogen atoms have been 
displaced are called norma! saJts. 

Phos/thorons Oxide, P4O,;, is formed to a small extent w’hen 
phosjdiorus burns in air, the quantity increasing if the sujqdy of air 
is insullicient. It is a white solid with a garlic-like odour. With 
water it foiins phosphorous acid, H^I’Cs, 

Compounds of Phosphorus and Hydrogen. —The most important of 
these is jdios/diinc or phosphorefted hydroyin, l^H^. It is evolved 
w hen phos])horus is heated with a strong solution of caustic soda. 
It has an offensive smell of rotten fish. When prepared in the 
manner described in the chapter it is spontaneously inflammable, but 
this is due to its admixture with another comf)Ound of phosphorus 
and liydrogen, P0H4, which can be got rid of either by passing the 
gas tlirough a cooled I’eceiver or l)y allowing it to stand over 
water. 

Manufacture of Phosphorus. — Phosphorus is usually prepared from 
the residue obtained by burning bones. This residue is a phosphate 
of calcium, Ca.,(P04)o. By treating this compound wuth sulphuric 
a(;id it is convei'te<l into phosphoric acid. After concentration the 
phosphoric aci<^ is heated with j)owdered coke in cast iron retorts, 
when phosphorus distils over and is cooled by w ater. 


Questions on Chai^ter XX. 

1 . In what respects do red and yellow phosphorus differ, and in 
what respects do they resemble one another ? What reasons have 
we for believing they are chemically identical ? 

2 . What is formed wdicn phosphorus burns 'i Give an account of 
the appearance and properties of the product. 
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3. What are phosphates, and how may they he obtained ’ 

4. How is or<linary phosphoric acid obtained V What is its effect 
upon caustic soda V 

5. Give an account of the preparation and characteristic properties 
of phosphoretted hydrogen. What precautions have to be strictly 
observed in its preparation ? 

6. Describe, with diagram, an experiment to find the relative 
weights of pliosphorus and oxygen which combine during the com- 
bustion of phosphorus. 

7. When phosphorus has been kept for some time it may not 
lia\ e the appearance and properties which are usually ascribed to it. 
Why is this ? 

S. What oxides of phosphorus are there ? How are they obtained 
and how do they differ ? 

9. For what purposes may the Iiigher oxide of phosphorus be used 
in chemical work, and to what property is its use due ? 

10. Give a short account of the moile of production of j)hos- 
phorus. For what purposes is phosphorus cliiefly employed V 

11. How is it that whereas only one salt is obtained by the action 
of caustic soda upon hydrochloric acid, three salts are obtainable 
from phosphoric acid ? 

12. Phosphoretted hydrogen as ordinarily i)reijare(l is spon- 
taneously inflammable. It may however be so preimred that it is 
not spontamjously inflammable. To what is the diflerence due, and 
how may the first gas be converted into the second ? 



CHAPTER XXI 

CARBON AND SOME OF ITS COMPOUNDS 

Forms of Carbon. — Carbon is an element which is very widely 
distri])uted in nature, being ])resent in all living matter, and in 
most products resulting from vital activity. 

Expt. 290. — Heat a series of organic substances, such as 
meat, wood, potato, egg, A^c., in a crucible, and notice in all 
cases the production of a black residue, consisting largely of 
carbon. Heat more strongly, and observe th.at it bums away, 
leaving an almost colourless ash. 

Carbon occurs also in many rock masses, being a constituent of 
all the minerals known as carbonates. Combined with oxygen as 
carbon <lioxide, it occurs in the atmosphere and certiiin natural 
gases, or dissolved in spring waters. 

In the pure state it exists in various allotropic forms. Of 
these tile purest and the most valuable is the Diamond. This 
form of carbon is crystalline and very hard, being cajiable of 
scratching all other minerals. Its refractive index (p. 171) is 
very high, and on this depends its brilliancy as a gem. Diamond 
is proved to consist of carbon by burning it, when only carbon 
dioxide results. 

Blacklead cu* graphite is another form c)f almost pure carbon, 
with properties totally different from those of the diamond. It 
is opa(]ue and black, and so soft that it will mark paper. It is 
really a crystalline form of carbon, although good crystals are 
not very common. It occurs naturally in mines, chiefly in Cali- 
fornia, and was formerly largely obtained from Cumberland. 
Besides its use for lefwl pencils, it is also used as a lubricant. 
Other forms of more or less pure carbon in an uncrystallised 
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or amorphous state are coke^ and ffas carbon, which result from 
the lieating of coal ; lampblack, which is the carhon deposited by 
oils, Ac., burning in an insufficient supply of oxygen ; wood 
charcoal, Ac., obLiined by heating wood, in closed retorts or in 
stacks under earth. 

Charcjoal has the power of absorbing many gases, and also of 
absorbing colouiing matter, and on the latter account it is used 
for decolorising solutions coloured by organic matter. Coal con- 
tains large (pian titles of carbon, es[)ecially the harder or anthra- 
cite coals, where the quantity may reach 94 per cent., being, 
however, only about 65 in the brown coal or lignite. A nimal 
charcoal is really a misleading term, as the quantity of carbon 
present is usually only about 10 or 12 per cent. , the i*emainder 
being chiefly bone-ash. 

Compounds of Carbon.— Carbonates.— It has been already 
stated that when carbon burns it forms an oxide, which is called 
Cftrbon dioxide. This is knowui to be a colourless gas, with a 
very faint smell ; it may be recognised by the turbidity it 
produces in lime-water. We must now study this gas further, 
and investigate the change it produces in lime-water ; but before 
doing this, it will be necessary to know something concerning 
the latter, so that we shall first examine lime. 

Lime. — Lime is a white solid, which is unchanged on heating ; 
but which, if heated sufficiently, glows and emits a brilliant wdn to 
light. It is on this account employed for the production of the 
limelight, where a small, hard cylinder of lime is strongly heated 
in an oxy-hydrogen or oxy-coal-gas flame. 

Expt. 291. — Dissolve some lime in hydrochloric acid, and 
evaj)or!ite the solution to dryness. Note the formation of 
a white solid, which rapidly absorbs moisture from the air 
and licpiefies. It has been jn-eviously used in some of our 
experiments under the name of calcium chloride. 

Try the effects of other acids, and observe that lime yields 
with nitric acid a white soluble solid, and with sulphuric acid 
a white insoluble solid. 

Expt. 292. — Test some wet lime with litmus papers. 
Observe it changes red litmus to blue. 

Lime is obtained from chalk, or from limestone, the rock 
being strongly heated in kilns, from which, after the burning. 
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tlie lime is raked out. Tf a piece of freshly formed lime can be 
obtained it should l)e examined. 

Exi'T. 293. — Tt) some fresh lime add some cold water, and 
observe that the mass gets very hot and swells uj), still re- 
maining a solid. 

This lime is known as (pdck Irmp^ and by this addition of 
water becomes in some way changed, since the further adtlition 
of water causes no further evolution of heat. The altered lime 
is known as daked lime. 

To find out the change undergone by the chalk in limestrnie 
a small poition should be heated, and the gain or loss of weight 
recorded. Tin’s can ])c done if a furnace — a muffle furnace is 
very convenient — is available. 

Expt. 294. — Weigh a crucilile and in it jdace some 
p(»wdered chalk. ^ Heat it in a muffle furnace at a ])right red 
heat for a few hours, allow it to cool, and again weigh. Cal- 
culate the loss or gain for 199 grams of chalk. 

It will be found that the chalk loses about 44 per cent, of its 
weight, and it is thus proved that the lime consists of chalk 
from which some constituent has been expelled by heat. 

Ex FT. 295.— To a little chalk in a test-tube add some 
dilute hydrochloric acid. Note brisk effervescence occurs. 
Fit a delivery tube to the test-tube and ])ass the gas evolved 
through lime-water, and observe the formation of a white 
l)reci])it>ate resembling that ju-oduced by carbon dioxide. To 
some of the precijutate add a little dilute acid, and observe it 
becomes clear, with slight effervescence. Evaporate the solu- 
tion left in the test-tube aiul see that, as in the case of the 
action between Iwic and hydrochloric acid, calcium chlomde 
is left. ,1 

From chalk then, by the action of hydrochloric acid, we 
obtein carbon dioxide and the product which results from the 
intera(^tion of the same acid with lime. It appears therefore 
probable that the chalk consists of the cai’bon dioxide and the 
lime. The next experiment will prove whether or not this is 
the case. 

1 It is worth whilo to point out that tho prepared subatauce used for black-board 
writing is often not clialk. 
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Expt. 290. — Into a flask A (Fig. 135) fitted with india-rubber 
stoj)j)er and tubes, as shown, pour some dilute hydrochloric acid, 
and weigh the flask with the contained 
acid. Weigh a small piece of tube 
B (i) emj)ty (ii) with some chalk. 
Place this in the flask, tiiking care 
not to alk>w the acid to reach the 
inside of tlic tube, ileidace the 
cork and shake the flask so as to 
allow the acid and chalk to react. 
The carbon dioxide formed escapes 
through the tube (- in which cotton- 
wool is })acked to retain moisture. 
When the action is at an end draw a 
current of air through the flask in 
order to displace the carbon dioxide 
still left inside. Weigh the flask 
again, and subtract the weight so 
obtained from that of the flask + 
weight of tube and chalk. The re- 
sulting number is evidently the 
weight of the carbon dioxide evolved. 
Calculate the loss for 100 grams of 
chalk. 

The loss of weight of the chalk is 
equal to the loss of weight on heating, 
so that we are justified in concluding that the same constituent 
w'as evolved, and we may write : — 

Chalk = lime and carbon dioxide. 

By the action of the gas upon lime dissolved in water we also 
obtain a white product, and if sufficient of this be collected and 
examined it is found that by the action of acids it also gives 
off the carbon dioxide, and that it forms lime on heating. It 
is therefore chalk, and the formation is merely the reverse of 
what was written above, Le., lime and carbon dioxide form 
chalk, so that the turbidity of the lime-water is due to the 
formation of chalk. 

Compounds which, like chalk, evolve carbon dioxide when 
acted upon by an acid, are known as carbonates, and many 
carbonates exist, all possessing many characteristics in common. 
Many of these on heating also give off carbon dioxide, the 
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residue being known to be an oxide of a metal, so that they 
consist of carbon dioxide and a metallic oxide. 

ExrT. 297. —Heat copper carbonate, and observe the pro- 
duction of black oxide of copper. 

This leads us to the idea that lime is also the oxide of a 
metal, and this view is now known to be correct, the metal 
being named calcium. Lime therefore is calcium oxide, CaO, 
and chalk calcinm carhonate, CaCOj. The action of carbon 
dioxide U})Oii lime-water may be written 

Ca0 + C 02 =CaC 03 , 

and the decomposition of chalk by heat is given by the equation ; — 
Ca(X)3 = CaO -h COg. 

Carbon Dioxide. — We are now in a ]>osition to prepare larger 
(juantities of pure carbon dioxide, and to study its properties 
more fully. 

Expt. 298. — In a fl/isk fitted with cork, thistle funnel, and 
delivery tube (Fig. 130), place some chalk or marble (also a form 



Fkj. m<5.— The Preparation of Carbon Dioxide. 


of calcium cS,rbonate). Pour in some dilute hydrochloric acid, 
and collect the gas over w'ater as in the case of the preparation 
of hydrogen. Collect three jars. 

Pass the gas through a solution of lime-water. Observe 
the formation of the white ])recipit.ate which afterwards dis- 
appeai’s. Boil the solution so obtained, and notice the 
re-precipitation. 

In the first jar place a lighted taper. Observe the effect. 
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Shake up with water, and pour the water into some blue 
litmus solution. 

Pour the gas* from one jar into another, as shown in the 

diagram (Fig. 137), and test 
both jars by a lighted taper. 
It will be seen that the lower 
jar contains the gas. 

Properties of Carbon Dioxide. 

—It is thus seen that carbon 
dioxide is a heavy gas which does 
not burn nor support combus- 
tion. It is slightly soluble in 
water, the solution acting as a 
weak acid and turning blue litmus 
to a port wine colour, different 
from the red produced by strong 
acids. 

The solution of the gas may in 
fact be regarded as containing an acid, carbonic acid, of composi- 
tion H 2 C ()3 (thus, C ()2 + H 2 O = HgCOg), from which the carbonates 
are derived. 

The formation of the white precipitate with lime-water has 
been showm to be due to the formation of calcium carbonate. 
Its disappearance is usually explained by the statement that the 
calcium carbonate is soluble in a solution of carbon dioxide, 
although insoluble in pure water, and is hence re precipitated 
wlien the gas is boiled away. The true exjdanation most 
probably is that really a new compo\ind is formed from the 
calcium carbonate and the carbonic acid, viz., C\*iH 2 G 2 ^^f.» hydrogen 
calcium carbonate, which is soluble in water, and which decom- 
poses when heated, again forming chalk. 

Uses of Carbon Dioxide.— The fact that carbon dioxide is a 
non-su})porter of combustion is made use of in inany forms of 
chemical fire extinguishers, which are generally solutions which 
on heating evolve carbon dioxide in which the burning cannot 
take place and is therefore extinguished. 

The solubility of carbon dioxide in water is increased by pres- 
sure, and the sparkling nature of the various aerated waters is 
due to the carbon dioxide with which they have been charged at 
high pressures, and which escapes when the pressure is reduced 
to that of the atmosphere by the opening of the bottle. It is 



Fig. lUT. — To illustrsito the High 
Density of Carbon Dioxide. 
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also produced during fermentation, the “rising ” of l)read being 
due to the escape of carbon dioxide generated by the fermenta- 
tion of the saccharine matters formed from the starch under the 
influence of the yeast. 

By cold and pressure carbon dioxide maybe liquefied and also 
solidified, forming a soft white substance, which wlien mixed 
with ether forms a powerful freezing mixture, the temj)erature 
sinking to about - 100'’ C. 

Occurrence of Carbon Dioxide. —Carbon dioxide has been 
already stated to exist in the atmosjfliere, and to be produced 
by the oxidation of animal and vegetiible tissues, while fui-ther, 
under the influence of sunlight it is reconverted by the green parts 
of plants into its constituents, of whicli the carbon is used by the 
plant in the formation of tissue. It is also found in many natural 
gjiscous emanations, and is fre(iuently jiresent to a large extent 
in the gases of caves and underground passages, where, owing to 
its high density, it tends to accumulate, if formed })y fermenta 
tion or other natural processes. In expired air carbon dioxide 
is present to the extent of about 4*7 per cent. Although such 
air is not again respirable, this is partly due to the diminution of 
the oxygon, and it is doubtful whether carbon dioxide has 
any direct poisonous effect. The proportion of carbon dioxide 
may be increased to even 20 jjer cent, without immediate serious 
effects if only the quantity of oxygen be simultaneously increased. 

Proof of formula CO2. — The density of carbon dioxide should 
be found in the manner indicated for hydrochloric acid gas, and 
will be found to be 22. As, further, the combustion of carbon in 
oxygen leads to no change of volume, the formula C( )2 for the 
gas, with the atomic weight of carbon = 12, is indicated. 

Hardness of Water.— Exft. 299.— To a solution of cal- 
cium carbonate or chalk, in water containing carbon dioxide, 
add some soa]! solution and shake. Observe that a great 
(juantity 0 ^ soap must be added before a lather is obtjiined. 
Boil the solution first, and again add the soa[). Observe a 
lather is readily formed. 

The, solution is hence a very Imrd tvater, but becomes soft 
again by boiling. The temporary hardness may then be due to 
chalk dissolved in water by the aid of carbon dioxide, and the 
reason for the loss of hardness on boiling is evident, since the 
chalk is then precipitated and no longer exists dissolved in the 

r 2 
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water. Temporary hardness is in fact generally due to chalk, 
but another closely allied compound, magnesium carbonate, 
gives similar results. We may say, liowever, that it is due to 
the curhtniatcs of calritnn or WiHfnesiinu dissolved in water com 
taining carbon dioxide ; and the white solid obtained in Exi)t. 250 
was probably one of these ctmi pounds. 

Expt. 300. — Shake a solution of calcium cliloiide with 
Roaj> solution. Observe that this is also very hnrd, but that 
the hardness is not removed by boiling. The water is per- 
mamidlxj hard. 

Permanent hardness is also generally due to a calcium salt 
(or magnesium salt) soluble in water itself, and hence not pre- 
cipitated by boiling ; calcium sulphate or magnesium sulphate 
is the salt most commonly found in permanently hard water. 
In either case, i.e., temporary or permanent hardness, the 
calcium (or magnerttum) unites with a ])ortion of the soa]) and 
hence destroys it, forming a precipitate which renders the water 
turbid. Until sufficient soap is used to unite with the whole 
of the calcium present no lather is obtainable. 

Lower Oxide of Carbon.— If a coke or charcoal fire be ob- 
served, flames of a peculiar blue colour are usually seen ])laying 
over the top. As, however, the only substances concerned in 
the combustion are carbon and oxygen, and since carbon itself 
does not burn with a blOe flame, while carbon dioxide is quite 
incombustible, it appears probable that there must be some 
other compound of carbon and oxygen which is produced and 
which burns with these blue flames. Further, it seems i)r(d)able 
that the oxide is a lower oxide, Le., conbtins less oxygen, as if 
a comj)Ound with more oxygen existed we should expect the 
carbon dioxide to burn and form this oxide. We may there- 
fore first endeavour to obtjiin this oxide by abstracting some of 
the oxygen from carbon dioxide. 

Expt. 301.— In a hard glass tube AB, such as was used 
in Expl . 234, place some iron filings. Pass over these filings 
a current of carbon dioxide, dried in the usual manner. Heat 
the filings, and let the end B of the tube dip under .a strong 
solution of caustic pobish, which absorbs any unchanged 
carbon dioxide, a tube conttiining the same liquid being inverted 
over the end (Fig. 138. ) Observe that the bubbles of gas which 
come from the end of the tube are almost completely absorbed. 



Fio. 138. — Preparation of Carbon Monoxide. 

the gas again forms carbon dioxide, audits composition 
may be represented by C(^, the name caxbon monoxide' being 
given to it. We may then state : — 

Carbon dioxide and iron yield carbon monoxide and iron 
oxide, or 

4C( >2 + 3Fe = 4CO + Fe.t^ . 

The burning of carbon monoxide may be also expressed by the 
following e(piation: — 

Changes in a Coke Fire. — The formation of this gas in coke 
fires may n^^ be readily explained. By the burning of the carixm 
in tlie lower parts of the fire, where the air enters and sutficieiit 
oxygen is ])resent, carbon dioxide results, but when this j)asses 
over the heated charcoal in the upper j)arts where insufficient 
oxygfn is present, it ]>arts with some of its oxygen, forming 
carbon monoxide. Thus, 


^ It is somotimus spukoii uf an carbonic oxide, but the name used above is pref- 
erable. 
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When it again meets sufficient oxygen at the top of the 
hre, this monoxide burns to the dioxide. Carbon mon- 
oxide may in fact be pre})ared by passing the dioxide over 
heated charcoal instead of heated iron, but the temperature 
rc(j Hired is higher than that necessary in the experiment 
described. 

The gas so o])tained is colourless and very poisonous. It 
acts as a direct poison, since it re])laces the oxygen from its 
compound with the hiemoglobin of the blood. For this reason 
the ventilation of rooms heated by coke stoves, and the complete 
removal of the products of combustion should be always well 
attended to. 

Compoimds of Carbon with Hydrogen. — Carbon also forms 
compounds with hydrogen, direct union occurring when the 
electric arc is produced between carbon poles in an atmosphere 
of hydrogen. The compound resulting is known as Acetylene, 
and has the composition represented by C 2 H 2 . It burns with a 
highly luminous flame, and is present to a small extent in the 
products of the incomplete combustion of coal gas. It is now 
pre])ared largely by the action of water on cakbim carbide, and 
its cleanliness and ease of preparation will probably lead to its 
wider use as an illuminaiit. 

Ethylene, another compound of carbon and hydrogen, is a 
})roduct of the destructive distillation of coal, wood, cVc. It is 
hence lU'esent as a ccjiistituent of coal gas. It is readily obtained 
by heating a mixture of alcohol and sulphuric acid. Like 
acetylene, it burns with a bright, but less luminous flame. At 
low temperatures it may be licpietied, and by allowing the Ihjuid 
ethylene to rajjidly evaporate (page 155), the temi)erature is so 
greatly reduced that air may be Ihj-uefied. The copi position is 
represented by folh^wiiig ei^uation may be given 

for its px’eparation : — 

C^H.OH^aHj + HgO. 

Alcohol Ethylene. 

In this only the final products are considered, intermediate com- 
pounds are, however, really first formed between thealcolnd and 
the acid. 

Marsh Gas. — Marsh gas, or methane, has the composition 
CH 4 , and occurs naturally, ]>eing a product of the decomposition 
of vegetable matter. It is found rising to the surface in 
swamps, and thus obtains its name marsh gas. It is also fre- 
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(juently found in coal mines, and is known as fire-damp. It is 
an inflammable gas, and hence its presence is a source of danger 
in collieries, and many disastrous explosions have been caused 
by its ignition.^ Water and carbon dioxide (the after-damp) are 
produced by its combustion, and the effects of the products in 
causing suffocation are often more fatal than those of the exjflo- 
sion itself, while the presence of small quantities of carbon 
monoxide adds greatly to the loss of life. 

In the laboratory, methane is usually prepared by heating a 
mixture of sodium acetate and caustic soda. It is colourless, 
odourless, insoluble in Avater, and burns with feebly luminous 
flame. 

Ordinary coal gas consists of a mixture of various hydrocarbons, 
chiefly marsh gas, together with hydrogen. By its combustion 
car])on dioxide and water are formed. If sufficient air be intro- 
duced into the flame it has been seen (Chap. XV.) that this 
coml)Ustion ])roceeds without the se])aration of any carbon. If 
air be not introduced into the gas some of the hydrocarbons 
become decomposed — the hydrogen burning, to form water, and 
the carbon being sej)arated. This carbon is raised to incan- 
descence and afterwards burned, wdien there is sufficient air. 


Chief Points of Chapter XXI. 

Carbon is present in all living matter. Wljen organic substances 
are mod<*rately heated, a black residue largely com})osed of carbon is 
left. If the tcjupcralure is raised, the carbon burns away and an 
almost colourless ash is left. 

Carbon exists in several allotropic forms. Two of these, diamond 
and (jra/dilfc, are crystalline. Non-crystalline or amorphous carbon 
is known in vaiying tlcgrees of purity as cohcy (jas carbon^ wood 
rharroai and animaJ charcoal . 

Lime, which is us(‘d in making lime-mafer, is a white solid which 
is unchanged on heating. But when heated intensely it glows and 
emits a bril^ant white light. It dissolves in hydrochloric acid to 
form calcium chloride. Wet lime turns ti red litmus paper blue. 
Lime is obtained from chalk and limestone by strongly heating them. 
When freshly made it is called quick lime which combines with water, 
evolving much heat an<l becoming converted into slaked time. 

Wl^en Chalk or Limestone is heated it loses about 44 per cent, of 
its w'cight. This is due to t^e loss of carbon dioxide. The same 
gas is evolved w hen cither of the substances is acted upon by h;>dro- 

I Finely dividod coal dust luis also bocii shown to ho capable of j^iviug rise to 
explosions, and it is possible t hat many roKardod as duo to firo-daiup wore in reality 
duo to coal dust, wiiioh appears to produce more violent exx)losioiis than the 



296 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


chloric acid. By ascertaining the weight per cent, of carbon dioxide 
which is given off by the chsuk, we can prove that chalk is really a 
coin|K)iind of lime and carbon dioxide. 

CarboxL Dioxide is a heavy gas which does not burn nor support 
combustion. It is slightly soluble in water, the solution acting as 
a weak acid which turns blue litmus to a port wine colour. This 
solution may be regarded as carbonic acid, H.jCOj,. The solul)ility of 
carbon dioxide in water is increased by pressure. By cold and pressure 
it may be li{juefied and also solidified to a soft, white substance, which 
when mixed with ether forms a powerful freezing mixture. 

Carbon dioxide is always found in the atmosphere, being produced 
by the oxidation of animal and v^egetable tissues. This carbon di- 
oxide is decomposed by the green colouring matter of plants in the 
presence of sunlight. It is veiy common in caverns in limestone 
regions. Its formula is (X)^. 

Explanation of Hardness of Natural Waters. — Temporary hard- 
'n(ss is due cither to chalk (calcium carbonate) or to magnesium 
carbonate which is dissolved in the water. The s()lution of these 
compounds is possible because the carbon dioxide in the water first 
converts them into so/iihle hydrocarhonatcH> When the water is 
boiled these compounds are converted into insolid)le carbonates. 

Permanent hardness is generally due to calcium or magnesium 
sulphate which is dissolved in the water. They cannot be got rid of 
by boiling because they are both soluble in water. 

Carbon Monoxide contains less oxygen than the dioxide. It can be 
prepared from the dioxide by abstracting some oxygen. This can 
be effected by passing it over heated iron : — 

4 CO 2 + 3Fe = 4CO + Fe 304 . 

Carbon monoxide burns with a l>lue flame, forming carbon dioxide 
again : 2C0 + Go = 2COo. It is a colourless gas which is very ])oisonous. 

Compounds of Carbon with Hydrogen. — Acetylene, C 2 H 2 , is formed 
by the direct union of carbon and hydrogen. It burns with a highly 
luminous flame, and is present to a small extent in the products of 
the incomplete combustion of coal gas. It is now largely prepared 
by the action of water on calcium carbide. 

Ethylene, C2H4, is a y)roduct of the destructive distillation of coal, 
wcK)d, &c. , and is hence found in coal gas. It can be readily prepared 
by heating a mixture of alcohol ami sulphuric acid. It burns with 
a luminous flame less bright than that of acetylene. Liquid ethylene 
has been obtained. 

Marsh Gas, CH^, is also known as methane. Since it is one of the 
products of the decomposition of vegetable matter it is often found 
rising to the surface of swamps, hence the name marsh gas. It 
occurs in coal mines fire-damp. It is generally preparetl in the 
laboratory by heating a mixture of sodium acetate and caustic soda, 
when it is seen to be a colourless and odourless gas which burns with 
a feebly luminous flame. 

Coal Gas consists of a mixture of hydrogiui, carbon monox i<le, 
marsh gas, and other hydrocarbons. In its ordinary combustion 
carbon is at first separated and is a cause of the luminosity of the 
flame. 
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Questions on Chapter XXI. 

1. Give an account of the different modifications of carbon. How 
may it be proved that they all really consist of the same substance ? 

2. What compounds of carbon and oxygen exist ? How may they 
be obtained, and liow may they be mutually converted into one 
another ? 

3. Wlum carbon dioxide is passed into lime w^ater, the latter 
becomes first turbid and afterwards clear. Explain the chemical 
nature of the causes of these changes. 

4. Give a brief account of the part played by carbon dioxide in 
the economy of nature. 

5. Ex])lain the cause of the blue flames which are frecpiently seen 
j)laying at the top of a coke or (-Ijarcoal fire. 

(). If a gas containing a mixture of the two oxid(‘sof earbon wen; 
given you, how coidd you determine the (juantity of eaeli pri*s(‘nt ? 

7. Describe three exjieriments to show^ tlie higli density of (;arbon 
dioxi<le, its cfl'ect on combustion, and its action on lime-water. 

S. J5y what means Avould you j)rove the presence of carbon dioxide 
ill atmospheric air and exjiired air? 

9. If carbon dioxide be passed over heated iron filings what other 
product is formed ? How would you (;ollect it, and in what 
particulars dexjs it differ from carbon dioxide ? 

10. What is the chemical nature of chalk and lime? How could 
you obtain lime from chalk and vice rtrsa ? 

11. Describe an experiment to determine the (piantity of carbon 
dioxide which is evolved by the action of acid upon one giam of 
chalk. 

12. What is marsh gas ? Why is it so called ? What are its 
properties ? 

13. What is («) “fire-damp,*’ {h) “after-damp”? What arc the 
dangers due to the presence of much fire-<lanip in mines ? 

14. By what tests would you ascertain whether effervescence 
caused by pouring suljihuric acid on a powder was due to the escape 
of carbon dioxide, sulphur dioxide, hydrochloric acid gas, or 
hydrogen ? 

15. What is the meaning of hard and soft water ? How w^ould you 
test to sec whether a w ater is hard or soft ? 

16. Why are some waters “permanently” hard, and others only 
temporarily so ? Explain clearly what is meant by these expressions. 

17. Rain wAter is soft, but spring water is generally hard. By 
whai; process has the soft rain w^ater, after falling, become hard before 
issuing as a spring ? 

IS. What does coal gas consist of? What products are formed 
by its combustion, and how^ would you endeavour to experimentally 
prove v*our answer ? 

19. Tlcscribe the apparatus you would use for the production and 
collection of carbon dioxide gas ; name the materials reipiired, and 
describe the properties of the gas. 

20. Charcoal burnt in air or oxygen in a bottle containing lime- 
water produces a white nrecipitate in the lime water. The white 
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precipitate, if collected and mixed with hydrochloric acid, disRolves 
with effervescence. What experiments would you make in order to 
compare the gas thus obtained with that obtainable from the 
brecath ? 

21. Three bottles fillQ^l with colourless gas are placed before you 
(jontaining [a] hydrogen, (/>) nitrogen, and (r) carbon dioxide. De- 
scribe experiments you would make in order to distinguish them 
from one anothei% and from other gases. 

22. I)escril>e and explain the changes which take place when {a) 
limestone is burnt in a kiln, (/>) water is added to some freshly burnt 
lime. 

28. How is lime distinguished from limestone as to composition 
and properties ? 



CPIAPTER XXIT 

ACIDS, BASES, AND SALTS 

Acids and Salts.— Tt has already been shown that from 
hydrochloric acid there can he obtained common salt and other 
allied compounds, called chlorides^ while from sulphuric acid 
we get a series of compounds called snlphates. It will be 
necessary to consider a little more fully the formation of these 
compounds. 

Besides the two acids mentioned above, a third is very 
frccpiently employed in the laboratory, viz., nilric acid, HNO;^. 
Examine this acid, and notice that it gives off pungent, choking 
fumes, especially on heating, being then coloured yellow. By 
the action of copper, red fumes and a Idue li((uid result ; this 
forms a good means of recognising tlie acid. If the 1)1 ue li(|uid 
be evajjorated and allowed to crystallise, a salt whicli closely 
resembles the copj)er sulphate is obtained, which is called coj)pcr 
nitrate, consisting of nitric acid in which the hydrogen has been 
replaced by copper. 

We may therefore consider acids as compounds containing^ 
hydrogen which is capable of being replaced by a metal 
with the formation of salts. They have usually a sour 
taste and change the colour of blue litmus to red. Salts 
may be evidently defined as compounds resulting from acids 
by the replacement of their hydrogen by a metal. 

Preparation of Salts. — We can frecpiently pre])aro sidts by 
the action of the acid directly on the metal, and numerous 
examplos; of such action have been studied. In the first place 
hydrogen is liberated, and this hydrogen may either pass off as 
a gas or may react again with the acid to form various products. 
An example of the first case has been seen in the action of 
sulphuric acid on zinc, and of the second case in the action of 
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nitric acid on copper. If, however, an oxide of the metal be 
used instead of the metal itself, such secondary actions are 
avoided, as the following experiments show. 

Expt. 302. — Burn some magnesium, and collect the white 
solid formed. Observe that it is a wliite [lowdcr iiisolulde in 
water, which glows when strongly heated, but does not 
undergo any chemical change. 

To some of this oxide add some diluted sulphuric acid, but 
not (juite enough to dissolve all the oxide. ()l)serve that the 
oxide dissolves inihovt the evolution of gas. Filter, partially 
evaporate, and allow it to crystallise. 

The white crystals so obtained consist of nKfijiicaiinn siU 2 )h<iU\ 
They possess a bitter saline taste, and may be easily proved to 
contain water of crystallisation (p. 23b). They are commonly 
known as Epsom Suits, and are used as an aperient. Tn this case, 
then, no hydrogen was evolved, since tlio oxygen of the oxide 
was capable of combining with it to form water ; thus : — 

Mg( ) + HokSC), - MgSO^ + H.O. 

Miigncsium 

(Jxidc. Hulphato. 

Similar results may be obtained if nitric or hydrochloric acid 
be used in ])lace of sulphuric acid, with the formation of mogm- 
siom nitviflc, Mg(N(\) 2 , and maijneshtm chloride, MgCl^ : — 

MgO + 2HN(\ = Mg(NOo)., + H.p. 

MgO + 2nci = MgCla + H.O. 

Calcium Salts. — Other metallic oxides can in a similar manner 
react with acids, with the production of salts and water. 

Expt. 303. — Examine lime (oxide of calcium). Note its 
effect on litmus, its slight solubility, action of heat, tfcc. (page 
280), and, as above, endeavour to prej)are the ca^lcium sulj)hate, 
calcium chloride, and calcium nitrate. 

You will find that crystals do not result, but that cxdchnn 
chloride and colei om nil rate arc both white solids which readily 
absorb moisture from the air. Owing to this the foritier is, as 
we have seen, largely used for drying gases, Arc. The s)d 2 )hatc, 
however, does not dissolve in water (at least, it dissolves 
only to a very small extent, viz., about 2 parts per 1,000), and 
hence the acid may at first be thought to have no action, but 
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the action is readily proved to take place l)y the loss of its 
characteristic j)ro])ertics by the acid. Owing to its insolubility it 
is also foi’ined as :i precij)itatc, when sulj)hiiric acid is added to 
a fairly strong solution of calcium chloride or calcium nitrate. It 
is Iarg(‘ly used technically, being the substance known as gifpsiim 
or pl<(sl('r (tf Paris, which ])ossesscs the prop(‘rty of setting t(j a 
hard mass when mixed with water. The formation of these 
salts may be represented by the eciuations : — 

CaO + 2HNO3 = + H,0. 

CaO + 2H 01 - CaClo + H/). 

CaO + - CaSO^ -f HgO. 

Reactions of Hydroxides with Acids.— It has been shown 
that caustic soda Jind caustic potash are also ca])able of forming 
salts. These compounds arc, however, iK't oxides, but are 
known as hycl rax ides, i.r., comj)ounds resulting from the dis- 
placement of only half the hydrogen in water, or compounds 
conbiining one or more OH grouj)s. (Caustic soda is thus sod ia?a 
h\ldroj‘ide, NaOH, and caustic potash is potassium hifdroxide,^ 
KOH. The latter compound maybe prepared by placing the 
metal ])otassium on water. In this case the action is far more 
energetic than is the case with sodium, and the metal appears to 
burn on the surface of tlie water with a violet flame. In reality 
it is the liberated hydrogen Avbich burns, the violet colour being 
due to vapours of potassium. 

Expt. 304. — Iflace a small piece of potassium on water, and 
afterwards evaporate tlie licpiid to dryness. Examine the 
solid ])roduced, and compare it with caustic soda. 

Caustic soda and caustic potash will be found to resemble one 
another closely. They are both white solids, with a peculiar 
soapy feel, both turn rctl litmus blue, and both absorb mois- 
ture and carbon dioxide very readily from the air. 

• 

Expt. 305, — Make solutions of caustic potash and caustic 
soda, and neutralise both by (1) sul])huric acid, (2) nitric 
acid, (3) hydrochloric acid. If care be taken the solution 
may be made alim)st perfectly neutral, i.e., neither acid nor 
alkaline. Evaporate the solutions so obtained and allow them 
to crystallise. 

1 ThcHc coinjuninds aru also called sodium liydratc and ptdasslum hydrate, but 
'.ho term hydroxide is preferable. 
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The following salts are thus obtained : potassium sulphate^ 
potassium nitrate, ]ntias,m(m Morkle, sodium sul2)hate, sodium 
nitrate, and sodium chloride. All are wliite scdids, two of them 
being important commercial products, viz., potassium nitrate, 
which is known as nitre or scdtpetre, and sodium chloride, which 
is common salt. 

Quantitative Nature of the Reactions.— It will be also 
necessary to examine these reactions quantitatively. 

Exff. 300. — Weigh out (dnuit 40 grams of ])ure caustic soda 
and about 50 grains of [lure caustic potash. (To do this a 
weighed and corked Hask may be used, since these compounds 
rapidly absorb moisture from the air.) Dissolve each in 



1 2 4 

Fm. 130. — Volumetric* AppanituH. 

1. Measuring FLisks. 2. (IrjMiuated Jar. 3. Burette. 4. Pipette. 

#> 

distilled water and make up the solution to exactly 1 litre, 
using a measuring flask for this purpose. Make up also dilute 
solutions of sulphuric, nitric, and hydrochloric acids ; about 
1 volume of the strong laboratory acid to 20 volumes of water. 
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Fill a hnreJte with the caustic soda solution, and place ‘25 c.c. 
of the sulphuric acid solution in a flask. This is done by care- 
fnlhj sucking up the acid into njtijteHc until the li{piid ])asses 
the 25 c.c. mark, then speedily closing the to]) of tlie ])i])ette 
with the Anger, and allowing, by slight motion of the Anger, the 
liquid to run out until it is exactly at the mark. To tin's acid 
add a drop of litmus, whereby the solution is coloured a l)right 
red. Now run in the caustic soda solution from the burette 
until the acid is exactly neutralised, the point of neutralisation 
being known by the change of colour from red to blue, which 
occurs when the smallest excess f)f the caustic soda is added. 
Note carefully the number of cubic centimetres of caustic soda 
solution reejuired to neutralise the acid. Do the ex])erimcnt a 
second time to verify your result, and tlien j)erform a simil/ir 
pair of experiments with the other two acids, and with the 
caustic potash and the three acids. Your results may be entered 
thus ; — 


1 

! 25 c c. of 

c.c. of caustic soda 
required. 

c c. of caustic potash 

I req\iired. ] 

1 Sulphuric acid 

15-4 

17*3 

Nitric acid 

18 2 

‘20-4 

Hydrochloric acid .. 

20 0 

22 ’4 


As, however, the strength of the solutions r)f caustic soda and 
caustic ])otash are known, we may instead of the number of c.c. 
of solution write the number of grams of the dissolved com- 
})ound. Thus su])})Ose that 40 grams of caustic smla and 50 
grams of caustic j)otash were used, then 1 c.c. of the solution 
contains respectively '04 and *05 grams, as that the above table 
becomes 


25 c.c. of 

Grams of caustic soda 
required. 

(iraijis of caustic potash 
rctpiired. 

• 

Sulphuric acid 

•GIO 

•SOf) 

Nitric acid ! 

•728 

1 020 

Hydrochloric acid ... 

•800 

1120 
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Hence we find in the above suppasititious experiment that ‘86 
gram of caustic potash can neutralise as much snlphiiric acid as 
‘616 gram of caustic soda, tVr-c. Calculate from your own ex- 
periments what (piantity would neutralise as much of each acid 
as 1 gram of caustic soda. The result sliould be found to be the 
same for each acid, viz., that 1 ‘4 grams of caustic potash neu- 
tralises the Siime (|uantity of on// acid, as does 1 gram of caustic 
soda. 

Exi*t. 307. — Weigh out also some concentrated sulphuric 
acid, which may be regarded as containing 98 ])er cent, of the 
pure acid, and make up a solution so that 1 litre contains 
about 50 grams of sulj)huric acid. Again perform the neutra- 
lisation experiment, and, knowing the of actual acid 

present in tlie 25 c.c. and the iveight of caustic soda present in 
the solution of caustic soda used, calculate the weight of acid 
which neutralises 1 gram of caustic soda. You should find that 
1*225 grams of acid are necessary. 

As the strength of the laboratory solution of the acids varies, 
you cannot weigh these, but if a solution of known strength is 
given, you could, in a similar manner, prove that the 1 gram of 
caustic soda or 1*4 grams of caustic potash can neutralise 
1 *575 grams of nitric acid and *91 gram of hydrochloric acid. 
If we now calculate the results for the molecular weight of 
caustic soda we find 40 grains of caustic soda are e(jui valent 
to 56 grams of caustic potash and neutralise 49 grams of 
sulphuric acid, 63 grams of nitric acid or 36*4 grams of hydro- 
chloric acid. 

We may represent the changes occurring in these reactions 
by the following e(iuations, and the reader should write in words 
the exact meaning of these (and all other) equations, and should 
see that the (quantitative relations expressed by the equations 
are tlujse actually found. 

2K()H -f H,S04 - 1 - 2 H 2 O. 

2NaOH + H 2 SO 4 = NagSO^ + 2H .0. 

KOH + HNO, - KNO 2 + H/). 

NaOn -h H N().j = NaNOa -f %0. 
KOH 4 -HCl=kci + H./). 

NaOH - 1 - H Cl = NaCl + Hp. 

We thus see that hydroxides as well as oxides may react with 
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acids to form salts and water. These compounds are both 
included under the name of bases. We may hence write 

Base + Acid == Salt + Water, 

and may define a l)asc as the oxide or hydroxide of a metal, 
capable of neutralising an acid with the formation of a 
salt and water. 

Alkalies. — 'l^he sohthle bases, the student has probably ob- 
served, are characterised by alkaline properties, ?.c., are known 
as alk< flies. 

Insoluble hydroxides can be prepared by the addition of an 
alkali tn the solution of a metallic salt. Thus, if caustic soda 
solution be added to, say magnesium sulphate, a double de- 
composition occurs with the formation of the insoluble nmtpa sinni 
hifdroj’Ule^ Mg(()fcl) 2 , as a white precipitate and s(Mlium sulphate 
which remains in solution. 

2NaOH + MgSO^ - Na^SC -f Mg(OH ).,. 

(.)n strongly heating this hydroxide, the oxide itself is obtained, 
Mg(OH)2 = MgO + H2(). 

The slaking of lime is due to the conversion of the calcium 
oxide into calcium hydroxide, 

CaO-MI,() = Ca(OH),, 

Acid Salts and Basic Salts. — If the (juantity of base is 
insufficient to completely neutralise the whole of the acid, we 
frecpiently obtain acid salts (p. 280), as acid st)dium sul])hate, 
NaHSO^, thus : — 

NaOH 4- = NaH SO^ + U^O. 

Acid salts are also called h tidrotjen sails. 

In other salts, on the contrary, a greater quantity of tlie base 
is present thf#i is re(|uired for the neutralisation of the acid. 
Such salts are termed basic salts. 

Ammonia.- CVu-biin other com])ounds, however, besides the 
metallic oxides, may act as bases, thus we may obtain salts from 
ammonift, which, by testing with red litmus, is seen to be an 
alkali. 

Expt. 808. — -Prej)arc salts from the three acids, using the 

ammonia liquid of the laboratory in place of caustic soda, &c. 

X 
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There are thus obtained salts which are known as ammonium 
salts, viz., ammonium sulphate, &c. 

It will be therefore well to examine the “ammonia liquid,” 
which will be already known to have a very sharp pungent 
smell, and to colour red litmus blue. 

Exrx. 309. — Place some ammonia liquid in a flask and 
boil, allowing the gas that is evolved to j>ass over quicklime 
or solid caustic ])otash in order to dry it. Collect as shown 
in the accompanying diagram (Fig. 140). Observe the gas lias 
the same smell as the Ihjuid and 
similarly acts on red litmus. 

In one jar jdace a lighted t;ij)er. 
Place a second jar in water, and 
note the rapid absorjition of the gas 
and rise of the water in the jar. 

Dip a rod in hydrochloric acid find 
hold over a j.ar of the gfis. Ol)- 
servc the formation of white fumes. 

Shake u]) a jar of the gas with ii 
little wfiter. Examine the solution. 
See that it is identical Muth the 
“amimmia liipiid,” from which the 
gfis was obtained, and that it loses 
its odour on boiling, the gas being 
evolved. 

Composition of Ammonia. - We 

Fjg. i 40 .-l’rtjarcitiun of thus find the “ammonia liquid” is 
merely a solution of a gas, viz., am- 
inonifi, which is very soluble in water, 
which turns red litmus blue, and which docs not sujiiiort 
combustion, and is ajiparently not combustible. In an atmo- 
sphere of oxygen however the gas readily burns, jorming nitro- 
gen and water. It hence contains nitrogen find liydrogen, and 
may in fact be proved to have the composition represented 
by NH-}. To prove this, a long tube is tilled with chlorine gas 
and by means of a funnel and the stopcock some strong licpiid 
ammonia is run into the gas (Fig. 141). Combination ensues 
between the chlorine and the hydrogen of the ammonifi with 
the formation of white fumes, and frequently a flash of light. 
The stopcock is tlieii opened under water when the water rises 
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and fills two-thirds of the volume of the tube, the gas remaining 
being nitrogen. As chh)rine combines with an equal volume of 
hydrogen tlio volume of 
nitrogen in the ammonia 
is only one-third that of 
the liydrogen, that is, the 
gas is Nil.., or A'c. 

'I'he density of the gas 
(H'5), liowevor, indicates 
that the sim]»lest formula 
must be taken. 

The wliito fumes formed 
in tlie above ex])erimcnt 
and l)y the action of the 
gas (HI hydrochloric acid 
are fumes of ammonium 
chloi’ide, NHjCl, and its 
production may lie repre- 
sented by the ecjuation 

NlT. + HOl^NH^Cl. 

The solution of am- 
monia has been already 
shown to behave in a 
manner closely analogous 

to caustic soda, and if Fio, 141.— Tube for Pctermining the 

added to a solution of a Composition of Ainnionia. 

magnesium salt, it also 

precijiitates imignesium hydroxide. The solution therefore 
behaves like a soluble hydroxide and we may regard it as such, 
viz., as NH 4 ()H, which results from the solution of the gas in 
water : 

Anuuoniuni. — The formation of salts from ammonia is then 
completely analogous to the formation of salts from caustic s<Kia, 
and the ei {nation may be rewritten with the substitution of 
NH 4 for the Na, thus : 

N H^OH -f HCl = N H4(d + H,0. 

To this group of elements NH 4 , which we may regard as exist- 
ing in these siilts, the name ammonium is given, but it should 

X 2 




308 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


be remembered that it only exists in its salts and has no inde- 
pendent existence. 

Expt. 310. — Heat an ammonium salt with caustic soda or 
lime, or merely well mix tlic two in a mortar w ith the addition 
of a little w'atcr. Observe by the smell tliat ammonia is 
l)roduced. 

Tlie gas ammonia, then, is very readily driven off from am- 
monium salts by tlic action of caustic soda, Ac., this action is 
readily understood from the ecpatioii 

NH 4 CI -j- NaOH - NaCl -j- NH^OH. 

Tlie latter product is an aqueous solution of ammonia, so the 
e(piation may also be written thus : 

mifil -f- NaOH = NaCl + NHg H^jO. 


Chief Points of Chapter XXII. 

Acids arc compounds containing hydrogen which is capable of being 
replaced by a metal with the formation of salts, e.r/., hydrochloric, 
sulphuric and nitric acids. 

Salts arc compounds which result from acids by the replacement 
of their hydrogen by a metal. 

Preparation of Saits. — Salts may be prepared either by the dii ect 
action of an acid on a metal, or by the action of an acid on an oxide. 
In the former case hydrogen is sometimes liberated as such, while in 
4 )thcr cases it reacds with some of the acid, forming secondary products. 
Udieii an oxide is used w’ater is formed in place of hydrogen. 

Examples of Salts. — The following salts amcing others are prepared 
by means of the experiments described, copper nitrate, the suljdiate 
of magnesium, which is also known as Epsom salts, the chloride and 
nitrate of magnesium, and similarly the sulphate, chloride, and 
nitrate of calcium. 

Reactions of Hydroxides with Acids. — Salts are also lormed by the 
action of acids upon the hydroxides, such as, sodium hydroxide, 
NaOH, or, as it is also called, caustic soda. Since oxides and 
hydroxide.s neutralise acids to form salts they are l)oth included in 
the class of compounds called Bases. 

Bases are compounds, known as oxides or hydroxides of metals, 
which are capalde of neutralising acids with the formation of salts 
and w ater. 

Alkalis are those bases which are soluble in water. They are 
characterised by an alkaline reaction. Sodium hydroxide, potassium 
hydroxide, &c. , are examples. 



XXTT 


ACIDS, BASES, AND SALTS 


m) 


Acid Salts and Basic Salts. — Arid sa1t<t arc those which are formed 
when the quantity of ])fise is iiisufficiient to completely n(iutralis(‘ the 
whole of the acid on which it acts. Acid sodium sulphate, NaHSO^, 
and those sodium phosjihutes containing hydrogen mentioned on p. .SUo 
are examples. Bam' salts are those wdiiidi result by tlie action of a 
greater (juantity of base than is re(iuired for the complete neutralisa- 
tion of the acid on which it acts. 

Ammonia. — When the gas, ammonia, is dissolved in water, the 
solution which results acts as a base of the kind described as an 
alkali. The salts which it forms are known as ammonium salts, c. //., 
ammonium sulphate. When the solution of ammonia in water is 
heated the dissolved gas is again drivcTi oft' and can be dried and 
collected. 

The composition of ammonia is shown by the symbol NHg. That 
this is so can be proved by the experiment described in the chapter. 

Ammonium. — The salts whi(;h a solution of ammonia in water 
foians with acids are exactly analogous to those similarly formed fiom 
sodium and potassium liydroxi<le. This leads to the name (ounioinmn 
hj/drovid^' for the solution of ammonia in water. The group ani- 
moulum, NHj, has no independent existence, but is only known in 
combination. 


Questions on Chapter XXIL 

1. Describe the terms acid, base, salt, and imlicate hou they are 
mutually related. 

2. Wiiat are normal salts, a(;id salts, basi<‘ salts ? (dve e\am])les 
of an acid salt, 

8. How would you obtain potassium nitrate and sodium chloride 
from tlieii* respective acids and bases ? 

4. What is ammonia? (live an account of its preparation and 
more characiteristic propei-ties. 

T). In what respect does a .solution of ammonia resemble a solution 
of caustic soda oi* caustic potash ? 

(>. What do you mean b}- “ ammonium " and “ ammonia " ? 

7. Draw the apparatus, and de.s(;ribe how you would prepare 
ammonia gas from the ordinary solution of ammonia. 

8. What is the difference between the action of an acid, say 
hydrochloric acid, upon iron and oxide of iron ? 

9. How would you obtain crystallised sal-ammoniac from a solution 
of ammonia? How would you also obtain the .solution of ammonia 
from this product ? 

10. What is meant by an alkali ? Compare the chemical behaviour 
of an alkali with that of an acid. Describe the appearance of any 
two alkalis. 

11. lou are re(iuired to prove that with regard to its power in 
neutralising acids fifty- six grams of caustic potash are e(i[ui valent to 
forty grains of caustic soda. Describe exactly how you would per- 
form the experiment. 
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12. In the above question does the particular acid cinplo^x'd affect 
the result? Describe experiments to prove the truth of your 
answer. 

13! If you were given some nitric acid and some caustic ])otash, 
describe <xac1ly liow you would proceed in order to obtain large 
crystals of nitre. 

1 L Wluit ai'C liydroxides ? (bve exam]>les of metallic liydroxides. 
What products are formed wlieii tliese hydroxides rea(!t with 
acids ? 



CHAPTER XXIII 

CALCIUM CARBONATE AND SILICA 

Occurrence of Carbonates.— We have already seen that chalk 
consists of calcium carbonate. The production of lime from 
this source, together with its reconversion into calcium carbonate, 
have been already studied in Chapter XXL It occurs naturally 
in several distinct forms, and many rock masses are largely or 
entirely built uj) of this compound. When ])ure it occui's crys- 
tiilline as the minerals cidcite and aracjonite^ which ditfer only in 
their crystiilline forms and physical properties. Calcite is also 
known as Iceland apai^ calc and by other locxil names. It 
is generally quite transparent and somewhat resembles (juartz, 
from which it can be distinguished by its inferior hardness. It 
is easily scratched by a knife, while (quartz is unaffected. It is 
what is ctilled a douhly-refradimj substance. If a clear crystal 
of Iceland spar be placed upon the page of a book and the i)rint 
viewed through it, two images of each wt)rd will be seen. 
Calcium carbonate also occurs more or less pure in the earth s 
crust in a great variety of forms, such as cJudl', limestone^ 
stalactite, dal ay mite, travertine, A'c., some of which have been 
formed by purely chemical means, others by the aid of living 
orgi/,nisms. # 

Those formed by chemical means t)we their formation to the 
power, possessed by water containing dissolved carbon dioxide, 
of dissolving calcium carbonate, which is again precipitated when 
carbofi dioxide escapes. 

Tramihie or Calcareous Tufa is precipitated by springs which 
lose their dissolved carbon dioxide, which is necessiiry for the 
solution of the calcium carbonate, as they flow onwards. The 
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carbonate, being insoluble in water alone, is deposited as soon as 
the carbon dioxide escapes. 

St(d(ictifes and Stahajmitps.- The streams traversing limestone 
districts become saturated with carbonate of lime. In their 
course they often trickle through crevices in the roofs of caverns 
which have been formed in the limestone by the same solvent 
power of this particular water. The drop of water, which is 
thereby exposed on the roof, is subjected to evaporation, and 



Fig. ]4:i —Stalactites and Stalagmites in Claphani Cave, Yorkshire. 
From a photograph by Mr. George Fowler. 


the escape of the carbon dioxide and loss of water cause a slight 
deposition of carbonate on the roof, which is continuously added 
to by a constant succession of dro})S, until eventually beautiful 
pendants of calcium carbonate are formed, called staladites, 
sometimes coloured by the presence of traces of iron oxide, 
and often having a wild jjrofusion of forms (Fig. 142). Fprther 
evaporation of the water takes place on the floor of the cavern, 
giving rise to layers of the same chemical compound, called 
stalagmites. 




XXIII CALCIUM CARBONATE AND STTJCA :m 

Chalk, limestone, and coral are composed chiefly of calcium 
carbonat-e, and consist almost entirely of the remains (jf animal 
organisms. 

Marble, also, is a form of calcium carbonate. It is really 
limestone, which, by the effect of great pressure and heat in the 
earth’s crust, lias become much harder and crystalline. 

Silica. — More widely spread throughout the earth’s crust e^ eii 
than calcium carbonate is the compound silica, wdiich consists 
c)f the oxide of an element termed silicon, and which is repre- 
sented by the formula Si02. This oxide enters into the forma- 
tion of liy far the greater number of minerals and rocks, lieing 
combined with metallic oxides in the form of silicates; indeed, 
ill the free state or thus combined, silica forms more than half 
the weight of the earth’s crust. In the jiure state it occurs 
both crystalline and amorphous. Two crystalline varieties are 
known, one, fridyniitc, is unimportant, while the other, <pnirt\, 
is a frecjuently-occurring and highly-interesting mineral. If the 
(juartz is (piite clear and transparent, it is known as mcL'-cn/sfal. 
and is the lirarnlian j>ehhle from which lenses are made for eye- 
glasses, iVrc. ^Sometimes the oxide of a heavy metal is present, 
colouring the (juartz. 

Many sitnds are made up entirely of grains of quartz which 
have become more or less rounded by continual rubbing against 
one another in water. If the sand becomes compacted by the 
introduction of a cement and by the action of great })ressure a 
sandstone is formed. 

Amorphous Silica. — This is found in the form of (1) 
chalcedony and its varieties, (2) jasper and its varieties, (II) 
opal. 

Chalcedony is known having all sorts of tints. It is often 
regarded as a mixture of quartz and opal ; it is familiar as the 
well-known red stone used in signet-rings and called camel ian. 
Agate is a variegated chalcedony, com])Osed of diflereiit coloured 
bands. Flin^m generally of a black or dark gray colour, and is 
found in nodules or bands in the chalk formations of Surrey, 
Kent, Ac. 

Jasper is an opaque, impure form of silica, of a red, brown, or 
yellow fKilour. 

O'/Hd. — This species of naturally-occurring silica always con- 
tc'iins water in varying amounts. It is supposed to contain stune 
quartz as well as amorphous silica. It is often used in jewellery ; 
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one variety shows a well-developed iridescence, and is called 
previous opal. 

Bocks formed of Silica.— Besides these minerals some rock- 
masses are com 2 )osed of silica. Of these, as in the case of 
calcium carbonate, some have been deposited chemically, others 
by j)lant lif(.; or animal organisms. 

Sinter is the rock resulting from the deposition of silica dis- 
solved in the water of hot springs and geysers. It is, however, 
probable that, even in this case, minute plants of the Algw 
group assist in the formation. 

The organically formed rocks of silica may be divided into : — 

0) Those formed hy Plants . — These plants also belong to the 
Algfe group and are known as the diatoms. They are generally 
microscopic in size, but have existed in sufficient numl)ers'to form, 
by the accumulation of their hard remains, beds of considerable 
thickness. They are made of the silica which the living diak)m 
secreted from the water, either fresh or salt, in which it lived. 
At Richmond, in Virginia, beds, of forty feet thick, and consist- 
ing entirely of diatoms, occur. DUdomamms earths and Tripoli 
ponder have been made in this way. 

(2) Thnse formed by Amnvals . — These silica-secreting animals 
belong to the class of simplest animal structure known ; they 
are called liadiolaria. Their remains })uild up the Eadiolarian 
earths which occur in various places, notably Barl)adoH. 

Chemically Prepared Silica. — When chemically prepared, 
silica, or silicon dioxide, is obtained as a white powder, which is 
insoluble l)oth in water and in most acids. If fused with caustic 
soda, however, it yields a glassy mass, which is soluble in water 
and is known as irater glass. Chemically it consists of sodium 
silicate, Na^SiO^ ; in this, as in the natural silicate, the silica plays 
the part of an acid oxide. 

As a rule the silicates are insoluble and their composition is 
very complicated. Little is known concerning their exact chemical 
nature. Amongst the commoner silicates may be mention eel clay, 
a silicate of aluminium ; felspar, a silicate of aluminium and 
potassium ; serpentine, talc, French eJudk, and meerschaum, 
silicates of magnesium ; and asbestos, a silicate of calcium and 
magnesium. o 
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Chief Points of Chaptek XXTTT. 

Calcium Carbonate is very lar^rly foimd in the earth’s crust. It 
ocenrs pure and cr\stalline in valnh- and nra<joiuf< and in a less pure 
eonditif)!! in rhnlL^ litiirsfoHf , s/afart/ft tr.icrrfuH,, etc. 

Chalk, Limestone and Coral arc; coinj)osed ehitdly of ealciuni ear- 
bonatt;, an<l consist almost entirely of the remains of animal 
organisms. 

Marble also is a foimiof (;alcium carbonate. It is really limestone 
which by tlie effects of great pressure and heat in the earth’s crust 
has beciome much harder and crystalline. 

Silica, SiO.j, is evem more w idely found than c;aleium carbonate. It 
constitutes, either free or c(jmbined wdth bases to form silicates, 
abfuit one-half the weight of the earth’s crust. 

Jn the flee state it oceairs Ixdh crystalline and amorjdious. Two 
crystalliiH' varit'ties art* know n, one, , is unim])ortant. I’lie 
other, quartz, is very abundant. 

iMan\ .snm/s are made ii}) eniirely of grains of <jnai tz. 

Amorphous Silica is found in three forms (1) chalcedony, (2) jasper, 
{*,]) opal. Carnelian, agate, and flint are common kinds t)f 
chalcedony. 

Eocks formed of Silica. — Sinfer results from the deposition of the 
silica diss()lv(‘d in the water of hot springs and geysers. 

f OHS JiJ(( rfl('< nmf Trijtoff l^otrth r are rocks composed of 
silica which was extractc<l from the water in which they livtal by 
minute plftnf-s known as (liafoms. 

Rddlolarinn Earflts an‘ rocks composed of silica which W’as ex- 
tracted from the water in which they lived by minute animahknown 
as liuRiolann. 

Chemically prepared Silica is a white powder which is insoluble 
both ill water and in most aidds. Fused with caustic soda it forms 
sodium sUii'olc^ w hich is soluble in water aiul is known as u'af( r-yhss. 


Questions. 

1. What is silica? How does it occur in nature ? 

2. How' do Hint aiul (juart/. diff<T from and resemble one another ? 

3. (live a short ac(;ount of the naturally occurring forms of 

sili(;a. • 

4. ’^diat is calcite? De.seribe its ap])earance and give the formula 
repres(;nting its chemical (;om})osition. 

5. Many rocks are dejiosited through the agency of living 
organisms. Mention some and briefly indicate how^ they are thus 
deposittiil. 

(». Wliat are stalactites and stalagmites'^ Of what do they con- 
sist and how are they formed ? 

7. Describe tliree naturally occurring forms of calcium carbonate. 

8. What eftect has chalk upon water which flow s tlirough or over 
it? 
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9. Mention three minerals consisting of silica, and state by what 
characteristic feature you would recognise them. 

10. How would you attempt to prove that limestone, marble, and 
calcitic were essentially similar compounds ? ["I’lie student is advised 
to consider well what experiments he has previously carried out with 
calcium carbonate.] 

11. Limestone is dissolved in hydrochloric acid and the solution 
evaporated. Briefly describe the ap})earance and properties of the 
substance which you would expect to be thus obtained. 



IJNTVEESITY OF LONDON 

MATEICULATION EXAMINATION. 

January, 1899. 

GENERAL ELEMENTARY SCIENCE. 

MorniiKj Paper. 

L Write out carefully and fully an cxidanation of liow it follows 
from the fact that all bodies in vacnio fall any given distance in the 
same time that weight is propoi'tional to mass. 

2. What is a “second” of time? Explain candidly how^ it is 
connected with the time of revolution of the earth upon its axis. 

3. Describe a simple series of experiments to pi'ove to a stiuh'nt 
that the force by wdiich a liijuid floats up a body dcjiemls only on 
the volume of the part of the body immersed and on the density of 
the Ihpiid. 

4. Describe carcfullv how to construct a common thermometi‘r. 

5. Describe how a llaniell cell is constructed, and explain fully 
the use of each of its ])arts. 

0. State the composition of the following substances icadand 
spar, flint, arragonite, chalk, and sand. Describe llie appearance 
of each. 

7. What do you understand by the term “double decompo- 
sition ” ? Give three examples. 

8. Give two examples of common liquids produced by means of 
“distillation”; and describe with a sketch wdiat “distillation” 
means. 

A ffcrnooii Paper. 

1. If a railway train going 49 miles an hour is caused to increase 
its speed to 45 miles per hour, and takes U minutes to efFect that 
increase of speed, what is the acceleration, supjiosed uniform, during 
the tinfe ? 

2. Show from the Parallelogram of Forces that any tln ee f(>rces 
that ai*e proportional and parallel to the sides of a triangle are in 
equilibrium if they act at a point. If tliey do not act at a point, 
what happens ? 
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3. A ball weighing 50 lbs. is rolled along a length of 6 feet np 
an inclined plane sloping at 30"" to tlie level. Calculate (</) the 
lieight through which the ball has been thereby raised, {h) the 
work done in raising it. 

4. Suj)pose that it requires 80 times as much heat to melt one 
ton of ice as would be required to warm one ton of water one 
degree of temperature on the centigrade scale, how mucli of the 
ton of ice would be melted b}’ ])ouring into a caviiy in its surface a 
gallon of boiling wat(‘r? (A gallon of water weighs 10 lbs.) 

.■>. Describe exactly what happens to the direction and quality 
of the light when a nariow b(;am of pa ralltd white light falls u])on 
one face of a threc-corncied prism, hehl in such a w’ay that the 
light emerges through iin adjacent face of the ]>rism. What would 
you see if this beam of light, after thus passing through the 
prism, is received uj)on a sheet of white cardboard? What 
difference would it )uake if the beam of light before entering the 
j)rism is passed through a sheet of red glass ? 

0. How' could it be proved that when hydrogen burns in air the 
.substance produced is water? 

7. Write the names and describe the appearances of the sub- 
stances j>roduccd when diluted sulphuric and hydrochloric acd<ls 
res]>ectively ai’c mixed with soda and lime lespeetively, and the 
water evaporated away. 

8. Hard water is (r/) boiled, {h) mixed wdth lime water, (r) mixed 
wdth sodium caibonate. llescribe and explain exactly what 
happens in each of these eases. 


GENERAL ELEMENTARY SCIENCE. 
di’NK, 1899. 

[77ir (lUHHurs to the phijsiraJ and the rhcniiraJ quest iom must />e 
resjH t'iinly u'rittm in diffc.n ut Books, and the corers oj these 
Books Jillul in accord inyfi/.l 

Morniiaj Payer. 
riivsicAL Questions. 

1. Describe liow a vernier enables one conveniently to read 
subdivisions of a divhled scale. It is d(*sired to rea»l a scale to 
30ths of a division. Show' how to construct a vciiiicr to i ilfcct 
this. 

'2. The lever of a common pump is .seldom .straiglit, but is bent at 
an angle at the fulcrum. Often also there is a heavy ball of iron 
affixed to the end of the handle. What advantages are there in 
these features of eonstruetion ? • 

3. De.scribe {a) how a deli(;ai<; balance is constructed and used, 
and {h) how a convenient system of “ weights ’’ can be arranged 
in multiples and submultiples of a standard unit. 

4. “ E(|ual forces acting on a given mass produce equal momenta 
in equal times.” Describe experiiiients to illustrate this. 
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5. Slate the |)rinci])le of Archimedes. A })ody weighs 40 pounds 
in a licjuid wliose density, relatively to water, is 2 ; and weighs 45 
pounds in water. What is its volume ; what is its density ; and 
what is its mass ? If you use an equation, explain carefully what 
it means, and wliy it is true. 

[N.B. — 1 cubic inch of water weighs 0 036 pound.] 

Chemkial Questions. 

1. State approximately what the difference in compf>sitfion is 
between ordinary air and “dissolved air” wdiich has been expelled 
by boiling from solution in water. 

2. State the composition and principal properties of ammonia. 
Wliat happens when it is mixed {a) with w^ater, (/>) with nitric 
aci<l ? 

3. Describe how a commercial specimen of rock-salt could be 
purified. How could it be proved to be pure ? 

Affemoon Paper. 

Physical Questions. 

1. Describe how you wamld show that different liquids had 
different coefficients, of expansion w'ith Umiperature. 

2. Des('ribe throe experiments illustrating condue.tivity of heat 
in such a W'ay as to l)ring out the prineapal })oints of this property 
of matter. Let your three answers be brief, and let them state 
concisely what point each of th(‘ experiments demonstrates. 

3. How would you propose to prove by cx])eriinents that to boil 
away a gallon of w ater re<|uires about 5j^ times as much heat as is 
needed to raise it from the fi’eczing to the boiling ))oint? 

4. Why ought the water at the bottom of a waterfall to b(' 
warmer tlian at the top ? Assuming that the mechanical value of 
the specific heat of water is S7 foot-])ounds per ounce (for 1 (^), and 
that Niagara is 160 feet high, calculate how' much the difference of 
tem[)erature ouglit to Ik; for that waterfall. 

5. State tlie laws of tlic deviation of light when passing from 
any medium to one of different optical density. 

Chemical Questions. 

1. Describe what happens when charcoal, sulphur, and phos- 
phorus are h(;ated in air. What substances are produced ? 

2. Stat e exactly what you would <lo in order to show' that chalk 
is insoluble in water, but is dissolved by carbonic acid. 

3. What are the chief differences in property betw een the oxygen 
combined in w^ater. and the oxygen dissolved in water ? 



3‘20 MATRICULATION EX A M T NAIM ON 

January, 1900. 

Mornhuf Paper. 

CiiKMR^vL Questions. 

1. You are given a niinibei* of eyliii<]crs e-ontaining ammonia gas. 
Describe the experiments yon Avould make in order to illustrate the 
eliemieal and ])hysical pi()j)ei*ties of the gas. 

2. Describe any experiments showing tliat the ehcmical com- 
bination of tw'o elements to form a definite (compound takes place 
in a fixed ])roportioti by weight. 

d. What is the etl'ect of heating (u) chalk ; (/>) rock-crystal ; 
(c) a mixture of hydrogen and oxygen; (</) (iarbon in air; 
(f) sulphur in air? Name and give the formula of each substance 
produced. 


Physical Questions. 

1. Define one second of time. How is it connected with the 
period of the earth’s rotation ? What is meant by a mean solar 
day If a second is df fined in terms of the (‘art h’s i*otation, what, 
is the meaning of the statement that the earth now probably takes 
a longer time to perform one rotation than it did some thousands 
of years ago ? 

2. How does the ac(;elerat ion of gravity (at sea level) difler at 
])laces of dift‘ei-ent latitude? To what circumstance is this varia- 
tion due? How would you show that the weight of a pound is 
difi'erent at different latitudes ? 

3. Being given an obj(.*ct like a sugar-bowl, how would you 
propose to find experimentally the position of its (sent re of gravity? 

4. State the principle of the jiarallelogram of forces, and state 
also how, when two forces acting at erne point are given in direction 
and in value, you can find the value and direction of the forcic that 
will just balan(;e them. Point out also, with the aid of a diagram, 
how in flying a kite the pull on the string balances the other two 
forces acting. 

fi. A man whose weight is 160 pounds, and whose eyes are 
5 ft. 6 in. frf)m the ground, wishes to jump sufficiently high to sec 
over a wall 7 ft. high. How much work must he per form in order 
t o accjornplish this ? Explain how it is that the energy he expends 
in doing this must have come from the sun. 

6. A spherical balloon 10 metres in diameter is made of an in- 
extensible material and filled wdth a gas of one (juarter the density 
of air. Being given that each square metre of the material weighs 
30 grammes, and that 1 litre of air weighs P3 grammes, calculate 
the weight that this balloon will lift. 

7. Explain what is meant by the pressui’c; at a point in a fluid. 
If the atmospheric .pressure be J4J lbs. jrei* srpiare inch, and if a 
cubic ff)ot of water weigh (i2'27 pounds, Mhat is flu; pressure at a 
point 20 feet below the surface of the water in a lake ? 
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Afttrnoon Paper, 

Chemical Qrt:sTioNs. 

1. Enumerate the (Ufferences in physical properties exhibited by 
sea and fresh water respectively. How can a specimen of common 
salt be prepared from sea water? 

2. How could you separate from each other a mixture of sand and 
chalk ? 

3. Describe an experiment showing tliat water and carbon dioxide 
arc formed in the cond)ustion of a candle. How can ordinary coal- 
gas be made to burn with a non-luminous flame ? 

Physical Questions. 

1. State in precise terms why it is that the smoke from a fire is 
drawn u]) the chimney with a considerable draught. 

2. A silver tea-pot w'eighs 30<) grammes. One gramme of silver 
requires as much heat to warm it as would be required by (udoO 
giainme of water to warm it equally. The tea-pot contains 
20 grammes of tea-leaves, and each gramme of tea-leaves re((uirt*s 
as much heat to warm it as would suflice to w’arm e(iually 
O'O gi’amrne of water. If COO grainmes of boiling water be poiire<] 
into the tea-pot, calculate the highest temperature of the tea, 
assuming that tea-pot and tea-leaves were originally at a tempera- 
ture of 15' C. 

3. On some days a steam-engine leaves a long white cloud behind 
it, and on some other daj’s only a short one. Explain this by 
describing in each c;ase why the cloud forms, and w hy it disappears. 

4. State the two law s in accordance w ith w hich a ray of light is 
reflectetl by a smooth surface, and describe experiments by which 
you would d(;monstratc the truth of each of these laws. 

5. What is an inverted image? If the capital letter F were 
drawn on })a})cr and held in front of a mirror, how would you have 
to draw the letter on the paper, and how hohl the paper, in order 
that the image of the letter in the mirror should present its ordinary 
asj)ect ? 

0. A (uirrcnt of electricity is pas.scd, by means of platinum elec- 
trodes, through a solution of sodium sulphate (Na 2 S() 4 ). Describe 
wlu^ is Reooi to happen, and further de8cri])e any otlier chemical 
actions that are taking place and that cannot be seen. What differ- 
ence Would it make if copper electrodes were substituted ? 

7. A pound of lead is hauled up 20 feet and diopped on to a 
stone slab. This is done quickly ten times, and at the end the lead 
is foulltl to have been warmed 4*65 C. above the temperature of the 
surrounding objects. Assuming that all tlie heat generated remains 
in the lead, and that the specific heat of lead is 0’031 (relatively to 
water), calculate the work equivalent to that amount of heat which 
would warm 1 pound of water 1 degree Centigrade. 
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June, 1900. 

Morning Paj)er. 

Physical Questions. 

1. A mass of metal is attached to a spring balance. How would 
the indications of the balance be affected if the whole were lowered 
(1) with constant velocity, (2) with constant acceleration? 8how 
how your conclusions follow from Newton’s laws of motion. 

2. A solid hemisphere made of uniform material is placed with 
any part of its curved surface upon a horizontal plane. Show that, 
however thus placed, it will always tend to a position of stable 
equilibrium with its flat surface horizontal and uppermost. What 
other positions of equilibrium are there? Which of them are 
stable and which unstable ? 

3. Explain the action of the common pump with the help of 
diagrams. 

4. Describe a Bunsen burner and the precautions that should be 
taken in using it. 

5. A bright object is placed at a short distance in front of an 
ordinary looking-glass. An eye looking into the mirror sees, in 
general, a number of images oi the object, the second of the series 
in order of nearness being usually the most brilliant. Explain 
this. 


Chemical Questions. 

1. The words combustion,” “flame,” and “incandescence” 
occur in the syllabus, (iive instances of each, and state how these 
phenomena differ from each other. 

2. What changes occur when ice is heated to (f C. ? When it is 
heated above 0" ? When water is raised to 4° ? When it is raised 
to 100*" ? When steam is heated to 200“ ? 

3. When an ordinary wax-match is “ struck ” it takes fire, and 
the wax is ignited. Explain the physics and chemistry of the 
changes which occur. 


Afternoon Paper, 

Physical Questions. 

1. How would you make experiments to prove t<hat the force 
with which the earth pulls a body is independent of h< w fast. the 
b(xly is moving ? Explain carefully how your experiments prove 
this conclusion. 

2. State the laws of motion of falling bcxlies, and explain why 
a balloon rises and why clouds seem to float in the sky. 

3. Trace the transformations of energy that take place- in a 
railway engine when at work. 

4. Distinguish between dew and mid. Explain the formation of 
each, and show very carefully how the conditions that determine 
which shall be formed differ. 
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5. What chemical changes take place when a current of elec- 
tricity is passed (a) between platinum electrodes in dilute sulphuric 
acid, (h) between platinum electrodes in a solution of sulphate of 
sodium, (r) between copper electrodes in a solution of sulphate of 
copper ? 

What would you see happen in each case ? 

Chemical Questions. 

1. Gunpowder is made by mixing together charcoal, sulphur and 
saltpetre ; describe fully how you would propose to obtain each of 
these ingredients in a state of purity from a specimen of powder. 

2. A natural water is found to give a white precipitate (a) on 
boiling, (/^) on the addition of a solution of silver nitrate, (c) on 
the addition of a solution of barium chloride ; what inferences 
would you draw from this behaviour, and how would you test their 
accurafjy ? 

3. Describe those properties possessed by sulphuric, hydrochloric, 
and nitric acids, which lead to these substances being designated 
“ acids.” 


January, 1901 
Monihig Paper. 

Chemical Questions. 

1. How could a diamond, a piece of rock-crystal, and a piece of 
calc-spar be distinguished, from each other? 

2. State what you know about carbon dioxide. 

3. Describe how ammonium nitrate can be prepared. How can 
ammonia and nitric acid be obtained from it ? 

Physical Questions. 

1. Distinguish carefully between the properties of matter in the 
solid, liquid, and gaseous states. What experiments would you 
propose to make in order to determine in which state a given 
sample of matter was ? 

2. By what experiments would you prove that gravity produces 
a uniform acceleration which is the same for all kinds of matter ? 
Pay particular attention to the point as to how it is proved that the 
acceleration is uniform. 

3. A body is pulled in a westerly direction by a force of 20 
mil^on dynts, and in a northerly direction by a force of 15 million 
dynes. Draw a diagram (as well as you can by hand) to scale, and 
by measurement determine the amount of the resultant force. 
What is a vector quantity, and why is a force a vector while a mass 
is not? 

4. fV long uniform bar 10 feet long, and weighing 300 pounds is 
supported oy two props. One is 2 feet from one end, the other 
3 feet from the other end. A mass weighing 400 pounds is hung 
from the end of the bar which is 3 feet from a prop. Calculate 
the forces on the props. 
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5. A circular piston 20 centimetres in diameter is pushed at a 
uniform velocity of 3 centimetres per second into a cylinder. The 
cylinder contains water at a constant pressure of three million 
dynes per square centimetre. Calculate the power exjjended, and 
express the result of the calculation in ergs per second. If this 
power were expended in driving 3 cubic centimetres per second out 
of a cylinder, how fast would this water move ? 

Afternoon Pa 2 )cr. 

Chemical Questions. 

1. Describe experiments which could be performed in order to 
deinonslrate the points of difference between an aqueous solution 
of ammonia and of caustic potash respectively. 

2. Describe and explain the various methods with which you are 
acquainted by means of which air can be deprived of its oxygen. 

3. (common salt is dissolved in distilled water. How are the 
freezing-point, boiling-point, and temperature of maximum density 
affected tliereby ? Draw and describe the apparatus with which 
you would propose to determine the freezing and boiling points of 
water. 


Physical Questions. 

1 . Distinguish between vapour and cloud. Is the material in a 
cloud in the solid, the liquid, or the gaseous state? Give reasons 
for your answer. 

2 I look at the narrow flame of a Ihinscn burner, coloured 
yellow with sodium, through a prism. The c<lge of the prism is 
vertical and turned to my right. Will the flame ai)pear 1 o be to 
the right or to the left of the direction in wliicli it would aj)j)ear 
without the prism ? Give reasons. If the flame were coloured red 
w'ith litliium, will it appear to be more deviated or le.ss deviated 
than when coloured yellow with sodium ? If the air-suj)ply (jf the 
Bunsen were stopped, wdiat appearance would the flame present 
when viewed through the prism ? 

3. Describe the structure and use of the various parts of a 

Daniell’s cell ? How can a cell with the same materials be made 
without using a porous pot ? «\ v 

4. By what experiments would you sliow' that different arnoiints 
of heat are absorbed W'hen equal masses of different substances are 
heated through the same range of temperature ? 

5. State the principle of Archimedes. A piece of metal whose 
true density is 7*5 grammes per cubic centimetre' is found to, weigh 
300 grammes in air and 150 grammes when immersed in water. 
Calculate the volume of the air-bubble inside the metal that would 
account for this observation. What was the volume of the metal 
in the piece ? 
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June, 1901. 

Momiinj Pajicr. 

Physical Questions. 

1. Mention some of the properties that are peculiar to the liquid 
state and are not possessed by either solids or gases. In what 
respect does ice behave as a liquid ? 

2. What is it that fixes (a) how large a gallon must be ; (6) how 
long an inch is ; and (c) what the duration of an hour is ? 

3. How long does a body take to fall 25 feet, and what will its 
velocity be when it has fallen freely that distance? If instead of 
falling straight down it is constrained to slide down a smooth plane 
50 feet long, inclined at 30'" to the horizontal, what would the final 
velocity be ? 

4. By what experiments could you show (a) that copper conducts 
heat better than iron ; {b) that iron gives out more heat than an 
ecjual mass of coj)pcr would do in cooling through the same given 
range of temperature? 

5. Describe two different ways in which heat can pass from a 
hot body to a colder one, distinguishing carefully between the two 
processes. 

Chemical Questions. 

1. Why docs smoke go up a chimney ? Give a detailed explana- 
tion of this. 

2. What is formed when phosphorus burns in air ? Can it be 
made to burn in any other gas ; and, if so, in what? 

3. >Vhat is left behind as a gas w^hen phosphorus burns in a 
closed vessel ? What properties has it ? Has it been made to 
combine with oxygen ; and, if so, how? 


Afternoon Paper. 

Physical Questions. 

1. What is it that determines whether a body, when set down 
on a level surface, will topple over, or not ? Illustrate by sketches 
thrj forms of bodies that will topple over, and of others that will 
stand stably ; and point out, in the case of a body that topples 
over, where is the uidialanced “moment’’ of the resultant gravita- 
tional forces. 

2. Some fresh water and some salt water arc placed in tall 
cylindrical glasses. A cylindrical rod of ash-w^ood, 12 imrhes long, 
is found to noat in each ; but it sinks in the fresh w'ater so far that 
3J inches remain above tlie surface, and in the salt w’ater so that 

inches remain al)Ove the surface. Find the specific giv^vity 
(tt) of t’le W'ood, {h) of the brine. 



326 


MATRICULATION EXAMINATION 


3. Explain how a pipette is filled by suction. How high could 
mercury be possibly sucked up into a tul)e ? Wliy cannot you with 
your mouth, and without using a pump, suck up mercury so high ? 
If a cubic centimetre of mercury weigh 13 J grammes, what height 
of column would exert a pressure of 1 kilogramme per sijuare 
centimetre ? 

4. Show, with sketches, how you would decompose white light 
into its constituents ; also how you would recombine those consti- 
tuents into white light. 

5. Describe the construction of a Leclanche cell, and give a 
sketch to show how you would connect it up to ring an electric 
bell. Show the connections. (The bell need not be drawn. ) 

Chemical Questions. 

1. Common salt, sulphur trioxide, carbon dioxide, and metallic 
sodium dissolve in water ; ammonia, chalk, and metallic zinc dis- 
solve in dilute hydrochloric acid ; sulphur dissolves in carbon disul- 
phide ; state what in each case remains on evaporating off the 
solvent. 

2. How can chlorine be obtained from common salt? Sketch 
the apparatus you w'ould employ for its preparation, and describe 
three experiments illustrating its properties. 

3. How can carbon, sulphur, phosphorus, and chlorine respec- 
tively be made to combine with hydrogen? Give the names of the 
compounds formed in each case. 



ANSWERS 


[In every case tt lias been taken as equal to 


Chapter III. 

8. 23*04 ft. per sec. 

11. 180 ft. per sec. 

12. 49 ft. per sec. per sec. 

13. 20 kilom. per hour. 

14. 40*5 ft. 

15. ft. per sec. per sec. 

IG. 18*25 ... ft. per sec. 

17. 900 ft. ; 11 secs. 

18. 3i ft. per sec. per sec ; 6 secs. 

19. 36*33 . . . secs. 

20. J mile. 

21. i hr. ; 20 miles, 15 miles. 

22. 6 secs. 


Chapter IV. 


10 . 

11 . 


1612 cub. cm., 1*612 litres, 1612 grams. 
1712 cub. cm., Mass of 1 c. c. in grams 


25,000 

1500 


=16*6. 


» Chapter V. 

3. 7 : 8 ; 7 : 8. 

4. 33 : 20. 

8. 2 *. 7. 

13. 720 ft. 

14. 64 ft. per sec. 

15. 225 ft. 

16. 144 ft. 

17. (a) 32. ft. per sec., (b) 64 ft. per sec., (c) 96 ft. per sec. 

18. 3 secs ; 96 ft. per sec. 

21. 156 lbs. wt. 



32H 


ELEMENTARY GENERAL SCIENCE 


22. 17 units ; 7 units ; 13 units. 

23. 12 2 units ; 125'" nearly. 

24. (kI 11>k. 

2r>. 31l)s., 4 lbs. 

26. 31» + 4b>, 2P + 3Q. 

27. 11 >s. 

2s. 63 r. 

29. 53 ’ nearly. 

30. 21 S units ; 13 2 units. 

31. lOv/^'j ll*s- 

32. 15-7 lbs. 

33. 10 lbs. 

34. 67 26 lbs. 

35. 1 6 /,,/3 lbs. , 8 V3 lbs. 

37. 5:1. 

38. The second by I sec. 

39. 5| ft. per see. |>e!* sec. ; 16 ft. per sec. 

40. 75 : 7. 

41. 5:2. 

42. 2^ lbs. wt. 

43. 7 jxmndals, 

44. 6| lbs. wt. ; -fc ft. per sec. per sec. 

45. e<pial. 

46. 1 : S. 

47. 96 ft. 

48. (ft) 3.>^ ft. per sec. per sec. ; (^>) 48 lbs. 

49. loi lbs. wt. 

50. (a) 180 lbs. wt. ; (6) 140 lbs. wt. 

51. 101 lbs. wt. 

52. 95. 

53. 9856 : 3. 

54. 25 : 11. 

55. 4-66 ft per sec. 

5(). 9;^, 2 ft. }>er sec. 

57. 8 ft. per sec. 

58. 36 lbs. 

59. {a) 160t» ; (b) 160. 

60. 321 : 322. 

61. 2 secs. 

62. 34 lbs. wt. 

63. 10 l)>s. 

64. Magnitude of resultant 5. 

66. (a) 6 + 5^11 ; (/>) 6- 5=1. 


Chapter VII. 

12. 36-42 c.c. ; 7 55. 

13. 4 ‘63 oz. nearly. 

14. *068 nearly. 

1 ft r 6 . 

16. 9800 cub. in. 



ANSWERS 

17. 11,200 cub. in. 

18. 4-2 

10. 128:135. 


CriAPTKH IX. 

0 . 12 , 000 ; 

7. 20(K 

8. 10 lirH. 

9. l]8,8(M)ft. Iba. 

10. 942^ ft. lbs. 

11. 24, (KM) ft. lbs. 

12. 250 ft. poundals or ft- 

13. 300 ft. lbs. ; 300 ft. lbs. 

14. 2250 ft. lbs. ; 30 ft. per sec. 


Clf VITKH X. 

19. Tcinj)(‘ratiii‘(‘ of tlie mixture would have lu'cn less. 

20. ^^'at.('r w ill iiudt more iec than the lead. 

21. (^<) 00 deii^rees, {h) 55 dej^rees. 


Chapter XVI. 

7. 15 vols. 


EXAMINATION PAPERS. 

January, 1899. 

{Afternoon), 1, ft. per sec. per sec. 3. 3 ft.; 150 ft. lbs. 

4. 12i lbs, 

June, 1899. 

{Morning). 5. 138i^ cub. in. ; 10; 50 lbs. 

{Afternoon). 4. 

January, 1900. 

{Morning). 5. 240 ft. lbs. 0. 50128 . . . kiloi^s. 

• ^ 7. 23*14 . . . lbs. per sq. in. 

{Afternoon). 2. 90*3G"C. 7. 1387 ft. lbs. nearly. 

January, 1901. 

m{Morning). 3. 25 million dynes. 4. 120 lbs. upwards 

at oiH* and 820 lbs. downwards at other. 

5. 2,827,440,000 ergs per see. ; 43,4(K> enis. 
per sec. 

(Afternoon). 5. 1 10 c.ciii. ; 40 c.cm. 
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June, 19(/1. 

{Morning). 3. 1 *25 secs. ; 40 ft. per sec. ; 40 ft. per sec. 

{Afternoon). 2. (a) 0*69 (neitly) ; (?>) 1*14 (nearly). 

3. 74*07 . . . cins. 
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Acceleration, 38— 41 ; produced 
by a force, 59, 60 ; uniform, 
measurement of, 38, 39 ; unit of, 
39, 40 ; units of time, velocity 
and, 34 — 43 
Acetylene, 294 

Acid, hydrochloric, composition 
of, 263, 264 ; phosphoric, and 
hosphates, 279, 280 ; salts and 
asic salts, 305—308; sulphuric, 
253 — 255 ; manufacture of, 255 ; 
sulphurous, and sulphites, 252, 
253 

Acids, bases and salts, 299—310 ; 
reactions of hydroxides with, 
301, 302 

Action, chemical, energy of, 127, 
128 ; quantitative, character of, 
223—225 ; of sulphuric acid on 
metals, 2M, 255 

Actions, chemical, represented by 
equations, 274—276 
Adhesion, 14 

Air, chemical composition of, 218, 
219 ; compared with oxygen, 
226, 227 ; the active constituent 
of, 219, 220 ; various substances 
present in, ^5, 226 ; weight of 
the, l06, 107 
Alkalies, 305 
Allotropy, 251 

Ammonia, 305—307 ; composition 
of, 30% 307 
Ammonium, 307, 308 
Amorphous silica, 313 
Analysis of light by a prism, 176 
-178 

Archimedes, principle of, and 


relative density, 91 —105 ; 
applications of, 95 
Area, measurement of, 24, 25 ; 
relation between British and 
metric units of, 27 ; units of 
length, volume and, 21 — 33 
Areas, determination of, 27, 28 ; 
exercises in measurement of, 
25-27 
Argon, 219 

Atmosphere, the, 217—232 ; 
application of Boyle’s Law to 
the, 115 ; column of, weight of, 
110, 111 ; pressure of the, 107, 
108 ; pressure of the, at 
different altitudes, 112 
Atmospheric pressure and Boyle's 
Uw, 106-117 
Atomic weights, 272 
Atoms aqd molecules, 270 
Attraction of gravity, 62 
Avogadro’s law, 270 

Balance, the, 50— Vi 
Barometer, mercurial, principle of 
the, 108—110 

Barometers, mercury a convenient 
liquid for. 111, 112 
Bases, acids, and salts, 299—310 
Basic salts, acid salts and,305— 308 
Blacklead or graphite, 2^ 

Boiling point, 151 — 153 ; effect of 
pressure on the, 152, 153 ; 
marking the, 140, 141 
Boyle’s Law, 114, 115; applica- 
tion of, to the atmosphere, 115 : 
atmospheric pressure and, 106 
-117 



832 


INDEX 


T5ritish and metric units of, area, 
relation l>etween, 27 ; lengtli, 
relation between, 28, 24; mass, 
relation between, 45 ; volume, 
relation between, 30 
British system, units of mass in 
tin;, 44, 45 

Bunsen’s cell, 102, 198 

Calcium, carbonates and silica, 
811—810 ; salts, 800, 801 
Carbon, and some of its compounds, 
2S5 — 20S ; fsompounds of, with 
hydrogen, 294—295 ; forms of, 
285, 280 ; lower oxide of, 292, 
298 

Carbonates, 280 ; calcium, and 
silic.'i, 811—810; occuirrence of, 
811 818 

Carhon dioxid(;, lime and, 288, 
289 ; o(!curr(!nce of, 291 ; pro- 
pcrti(‘s of, 290 ; uses of, 290, 291 
Cell, Daiiiell’s, 191, 192; Le- 

elnneh«''s, 198; Smee’s, 188; 
Bunsen’s and C rove’s, 192, 198; 
simple voltaic, construction of, 
184—197 

Centigrade scale, the, 141 
Centre of gravity, 81—88 ; experi- 
mental methods of determining, 
82— 84 ; of a quadrilateral, 85 ; 
of a triangular plate, 84, 85 
Centres of gr-avity, parallel forces 
and, 74—90; other, 85 
Changes, chemical, in a simple 
cell, 188—190 ; in a coke fire, 
298, 294 ; physical and chemical, 
207, 208 

Chemic;al, action, 217, 218 ; energy 
of, 127, 128 ; quantitative 

character of, 228 — 225 ; actions 
represented l)y ecjuatioiis, 274 — 
27() ; change induced by the 
electric current, 198 — 206 ; 

changes in a simple cell, 188 — 
190 ; composition of air, 218, 
219 ; elements, 208 ; equations, 
271,272; nomenclature, 270 — 
277 ; operations, simple, 207 — 
216 ; physical and, changes, 
207, 208 

Chemically prepared silica, 314 
Chlorate, potassium, 223 


Chloride, potassium, 223 
Chlorine, preparation and pro- 
perties of, 264 — 267 ; various 
compounds of, 267 
Cohesion, 14 

Coke tire, changes in a, 293, 294 
Colour disc, 180 

Combustion and rusting, 228—280 
Composition of ammonia, 806, 
807 ; of hydrochloric acid gas, 268, 
264 ; of salt, 268, 264 ; of water 
1)3" volume, 240— 242 ; of water 
by weight, 242—244 ; quantita- 
tive, of sulj)huretted hydrogen, 
258 

Compounds, sulphur and its, 248 — 
261 ; carbon and some of its, 
285 — 298 ; mixtures and, 218, 
214; of carbon with h 3 "drogen, 
294, 295 ; of chlorine, various, 
267 ; ))hosphorus and its, 278— 
284 ; of phosphorus and hydro- 
g(m, 280—282 

Cojnpressibility of matter, 4, 5 
Conduction of heat, 145 — 148 
Conductors of heat, good and bad, 
]45_148 

Conservation of energy, 128, 129 ; 

of momentum, 57, 58 
Constituent, the active, of air, 219, 
220 

Construction of a thermometer, 
138, 139; of simple voltaic cells, 
184-197 

Convection, 148, 149; applica- 
tions of heating by, 148, 149 
Copper sulphate, elcctrol 3 "sis of, 
208, 204 

Crystalline sulphur, 250, 251 
Crystallisation, 212 
Current, the electric, 126, 127 ; 
chemical changl indneerf by the, 
198—206; passage of an elecdric, 
198—205 ; passage of the, 
through liquids, 19(* — 205 ; 

■work done by the, 194, 195 

t 

DaNIELI/s CELL, 191, 192 
Day, mean solar, 34, 35 ; sidereal, 
35 

Decomposition, double, 257 
Definition of motion, 36 
Density, 95—105 ; of gases, rela- 
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tive, 102 ; relative, 96, 97 ; 
relative, principle of Archi- 
medes and, 91 — 105 
Densities, relative, determination 
of, hy a U-tuhe, 100, 101 ; de- 
termination of, by relative 
density bottle, 98, 99 ; Hare’s 
apparatus for determination of, 
101 ; liydrostatic method of de- 
termining, 97, 98 ; results of ac- 
curate determination of, 101,102 
Diamond, the, 285 
Dioxiilc, carbon, lime and, 288, 
289 ; occurrence, 291 ; proper- 
ties of, 290 ; uses of, 21K), 
291 ; sulphur, formula} for, 
and sulphuretted hydrogen, 272, 
273 ; sulphur, properties of, 252 
Disc, tlie colour, 180 
Dispersion, refraction is accom- 
panied by 176 

Distance travelled by a body 
falljng from rest, 63 
Distillation, 210 
Divisibility of matter, 3 
Double decomposition, 257 
Drops, li(juids can be separated 
into, 14 

Ductility, solids possess, 10 

Kautii, j)eriod of rotation of the, 
35 

Earth’s rotiition, 34, 35 
Eife(;ts of, heat, 1 33— 1 35 ; upon 
sulphur, 249 ; refraction, 171 — 
173 

Elasticity, of matter, 5, 6 ; solids 
possess, 7 — 9 

Electric current, the, 126, 127 ; 
chemical change induced by 
the, 198— 206 ; passage of an, 
1 98—205 ; passage of the, 
through lufuids, 199 — 205 ; work 
done by the, IIM, 195 
Electrification, energy of, 125 — 
127 

Electrol^’sis of copper sulphate, 
203, 204 ; sodium sulpliale, 204, 
205 ; water, 200— 21)2 ; terms 
used in describing, 202 
Elements, chemical, 208* 

Energy, 120 ; conservation of, 128, 
129 ; fonus of, 122, 123 ; heat 


as a form of, 123—325 ; kinetic, 
121, 122; measurement of, 122; 
chemical action a form of, 127, 
128 ; electrification a foini of, 
125—127 ; radiant heat and light 
are forms of, 125; potential, 

121, 122; transformation of, 
128 ; work and, 118 — 132 

Ecpiality of masses, 55 
Ecjiiations, (;liemical, 271, 272; 
chemical actions represented by, 
274-276 

E(juilibriiim, 85—88 ; of tlircc 
jiai-allel forces, conditions for 
the, 77 — 79 ; stable or unstable, 
87, 88 

E(|uivalent weights and valency, 
273 

Ether waves, 160, 161 
Ethylene, 294 
Eudiometer, 239, 240 
Expansion, 134—136 

Fahrenheit scale, the, 141 
Filtration, 211, 212 
Fire, clianges in a coke, 293, 204 
Flame, oxidising and reducing. 230 
Flotation, ex})eii]nents on, 93— 95 
Flow of li(piids, 11 
Fluidity, liquids jmssess, 7 
Force, 58—67 ; acceleration pro- 
duced by a, 59, (iO ; the moment 
of a, 49, 50 ; uniform, 62 ; unit 
of, 59 

Forces, parallel, and (;enlre of 
gravity, 74 — 90 ; conditions for 
tlie equilibrium of three, 77 — 
79 ; princi])le of, 76 ; resultant 
of, 76, 77 ; t he principle of 
movements apjdied to, 79— 8L; 
parallelogram of, 64, 65 ; resolu- 
tion of, 66, 67 

Formation of an image by a plane 
mirror, 166 

Foi’iusof carbon, 285, 286; energ}^, 

122, 123 

Forimda CO^, proof of, 2i)l ; for 
h^'drochloric acid gas, 270, 271 ; 
for water, 271 

Formuhe for sulpliur dioxi<le and 
sulphuretted hydrogen, 272, 273 
Freezing point, marking the, 139, 
140 
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Fusion, latent heat of, 153 

“ G,” value of, 62 
Gain of weight during burning, 
227, 228 

(ialvanoscope, the, 198, 199 
Gas, hydrochloric acid, composi- 
tion of, 263, 264 ; formula for, 
270, 271 ; marsh, ^4, 295 ; pres- 
sure of a, relation betv'een 
volume and, 112 — 114 ; salt, 262, 
263 

Gases, 15 — 18 ; are easily com- 
pressible, 15 ; relative density 
of, 102 

General characters of phosphorus, 
278, 279 

Graduating the thermometer, 139 
Graphite, blacklead or, 285 
Gravitation, 45 — 47 
Gravity, attraction of, 62 ; centre 
of, 81 — 88 j of a quadrilateral, 
85 ; of a triangular plate, 84, 
85; experimental methods of 
determining, 82 — 84 ; parallel 
forces and, 74—90 ; other centres 
of, 85 

Grove’s cell, 192, 193 

Hard and soft waters, 244 
Hardness, of water, 291, 292; 
temporary and permanent, 244, 
245, 291, 292 ; solids possess, 10 
Hare’s apparatus for determina- 
tion of relative densities, 101 
Heat, 133 — 159; and light, radiant, 
energy of, 125 ; and temperature, 
distinction between, 142 — 144 ; 
as a form of energy, 123 — 125 ; 
conduction of, 145 — 148 ; good 
•and bad, conductors of, 145 — 
148 ; effects of, 133 — 135 ; upon 
sulphur, 249 ; latent, of fusion, 
153 ; of vaporisation, 153 — 155 ; 
measurement of quantities of, 
144, 145 

Heating by convection, applica- 
tions of, 148, 149 
Hot and cold bodies, 133 
Hydraulic press, 13, 14 
Hydrochloric acid gas, composi- 
tion of, 263, 264 ; formula for, 
270, 271 

Hydrogen, compounds of carbon 


with, 294, 295 ; phosphoretted, 
phosphine or, 281, ^2; phos- 
phorus and, compounds of, 280 — 
282 ; preparation and properties 
of, 236—239 ; production of 
oxide of, 238, 239 ; proportions 
of oxygen and, in water, 239, 
240 ; sulphuretted, 256, 258 ; 
formula? tor sulphur dioxide and 
sulphuretted, 272, 273 ; quanti- 
tative composition of sulphur- 
etted, 258 

Hydrostatic method of determining 
relative densities, 97, 98 
Hydroxides, reactions of, with 
acids, 301, 302 

Imaoe, formation of an, by a plane 
mirror, 166 

Inertia, 61, 62 ; of matter, 6 
Instruments for measuring time, 
35, 36 

Kinetic energy, 121, 122; mea- 
surement of, 122 

Latent heat of fusion, 153; of 
vaporisation, 153 — 155 
Law, Avogadro’s, 270; Boyle’s, 
114, 115; application of, to the 
atmosphere, 115; atmospheric 
pressure and, 106 — 117 ; New- 
ton’s first, of motion, 60, 61 
Laws of regular reflection, 165, 
166 

Leclanch^’s cell, 193 
Length, measurement of, 21 — 24 ; 
relation between British and 
metric units of, 23, 24 ; units of, 
area and volume, 21 — 33 
Lens, refraction through a, 175 
Level, liquids find their, 11, 12 
Light, 160 — 183; analysis ^of, by 
a prism, 176 — 178 ; path of a 
ray of, through a prism, 174, 
175 ; radiant heat and, energy 
of, 125 ; reflection of, 163 — 166 ; 
refraction of, 168 — 176 f regular 
reflection of, 163 — 166 ; travels 
in straight lines, 162, 163 ; 
white, recomposition of, 179, 
180 

Lime, 286, 288 ; and carbon di- 
oxide, 288, 289 
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Linear measurement, 22, 23 
Liuear velocity, measurement of 
uniform, 37, 3i8 

Liquids, 10 — 14 ; can be separ- 
ated into drops, 14; communi- 
cate pressure, 12, 13 ; find their 
level, 11, 12; flow of, 11; 
passage of the electric current 
through, 199 — 205 ; possess 
fluidity, 7 ; solution of, 213 
Lower oxide of carbon, 292, 293 

Manufacture of phosphorus, 282 ; 

of sulphuric acid, 255 
Marking the boiling point, 140, 
141 ; the freezing point, 139, 
140 

Marsh gas, 294, 295 
Mass, and its measurement, 44 — 
54 ; units of, in the British 
system, 44, 45 ; in the metric 
45 ; weight of, 47, 48 
Masses, determined, 48, 49 ; 

equality of, 55 

Matter, compressibility of, 4, 5 ; 
divisibility of, 3 ; elasticity of, 
5, 6 ; is indestructible, 16—18 ; 
inertia of, 6 ; in relation to 
motion, 55 — 73 ; physical pro- 
perties and states of, 1 — 20; 
porosity of, 3, 4 
Mean solar day, 34, 35 
Measurement, linear, 22, 23 ; 

mass and its, 44 — 54 ; of area, 
24, 25 ; of areas, exercises in, 
25—27 ; of kinetic energy, 122 ; 
of length, 21 — 24 ; of quantities 
of heat, 144, 145 ; of tempera- 
ture, 136, 137 ; of uniform 
acceleration, 38, 39 ; of uniform 
linear velocity, 37, 38 ; of 

volume, 289-32 ; of volumes, 
29, 30 ; of work, 119, 120 
Measuring time, instruments for, 
35, 36 

Melting-point, 151 
Mercurial barometer, principle of 
the, 108—110 

Mercury a convenient liquid for 
barometers, 111, 112 
Metals, action of sulphtric acid 
on, 254, 255; and non-metals, 
208, 209 


Metric, relation between British 
and, units of area, 27 ; of length, 
23, 24 ; of volume, 30 ; system, 
units of mass, in the, 45 ; units 
of mass, relation between British 
and, 45 

Mineral water, 244 
Mirror, formation of an image l)y 
a plane, 166 

Mirrors, reflection from spherical, 
166—168 

Mixtures and compounds, 213, 214 
Molecular weights, 273, 274 
Molecules, atoms and, 270 
Moment, the, of a force, 49, 50 
Moments, 49 

Momentum, 56 — 59 ; conservation 
of, 57, 58 

Motion, definition of, 36 ; matter 
in relation to, 55 — 73 ; Newton’s 
first law of, 60 — 61 ; of bodies 
falling from rest, 62, 63 
Movements, the principle of, 
applied to parallel forces, 79 — 81 

Natural waters, 24 
Nature, quantitative, of the re- 
actions, 302—305 
Negative and positive poles, 193, 
194 

Newton’s first law of motion, 
60-61 

Nitrogen, 219 

Nomenclature, chemical, 270—277 
Non-metals, metals and, 208, 209 

Occurrence of carbonates, 311— 
313 ; of carbon dioxide, 291 
Operations, simple chemical, 207 
—216 

Oxide, lower, of carbon, 292, 293* ; 
of hydrogen, production of, 238, 
239 ; phosphorus, 280 
Oxides and their properties, 222, 
223 ; of sulphur, 251, 252 
Oxidising and reducing flame, 230 
Oxygen, air compared with, 226, 
^7 ; and hydrogen, proport ions 
of, in water, ^9, 240 ; phos- 
phorus and, 279 ; preparation 
and properties of, 2^—222 

PARALiiEL forces and centre of 
gravity, 74 — 90 ; conditions for 
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tlie equilibrium of three, 77— 
7{) ; ])rinciple of, 76 ; resultant 
of, 76, 77 ; Hie prineiple of 
movements ajiplied to, 76 — 81 
Parallelogram of forces, 64, 65 
Passage of an electric current, 
16S — 265 ; of an electric current 
tlirougli liipiids, 166- 205 
l^itli of a ray of light through a 
prism, 174, 175 

Period of rotation of the earth, 35 
IVrinauent, temporary and, hard- 
ness of waters, 244, 245 
Phosphates, phosphoric acid and, 
276, 280 

Phosphine oi‘ ])hosj)horetted 
h y dr( )gei i , 281, 282 
Phosphoretted liy<l!f)gen, phos- 
phine or, 281, 282 
Phos])horic acid and jihosphates, 
276, 28() 

Phos]}horus, oxide, 280 ; and 
hydrogen, (ioinpounds of, 280 — 
282 ; and its compounds, 278 — 
284 ; and oxygen, 276 ; general 
characters of, 278, 276 ; inanu- 
facture of, 282 ; red, 276 
Physical, and chemical changes, 
ii)7, 2(tS ; change, solution is a, 
200, 210; projierties of sulphur, 
248, 246 

Plane mirror, formation of an 
image ])V a, KiO 
Plastic sulphur, 246, 250 
Point, boiling, 151 — 153; effe(;t of 
pressure on the, 152, 153 ; 
marking the, 140, 141 ; freez- 
ing, marking the, 136, 140 ; 
nuilting, 151 

Polarisation, jjrevention of, 188 — 
165; by chemical means, 191 — 
105; l)v mechanical means, 188 
-100 ^ 

Poles, negative and positive, 193, 
104; positi\e, negative and, 
103, 104 

Itu'osity of matter, 3, 4 
Potassium chlorate, 223; chloride, 
223 

Potential energy, 121. 122 
Preci]>itation, 212, 213 
IVeparation and properties of 
chlorine, 264—267 ; of hydrogen. 


236—239 ; of oxygen, 220—222 ; 
of salts, 299, 3(X) 

Prepared, chemically, silica, 314 
Press, hydraulic, 13, 14 
Pressure, atmospheric, and Boyle’s 
Law, 106 — 117 ; licpiids commu- 
nicate, 12, 13 ; of a gas, rela- 
tion betw^eeii volume and, 1 1 2 — 
114 ; of the atmosphere, 107, 108 ; 
of the atmosphere at different 
altitudes, 112; on the boiling 
point, effect of, 152, 153 
Prevention of polarisation by 
chemical means, 191—195; by 
mechanical means, 188—190 
Principle, of Archimedes, and rela- 
tive density, 01-105; Archi- 
medes’s, appliccations of, 95 
Prism, analysis of light by a, 176 
— 178 ; patli of a ray of light 
through a, 174, 175 ; refraction 
through a, 173 — 175 
Production of oxide of hydrogen, 
238, 239 

Proof of formula COo, 291 
Properties, of carlxm dioxide, 290 ; 
oxides and their, 222, 223 ; of 
salt, 262 — 264 ; of sulphur di- 
oxide, 252 ; physical, and states 
of matter, 1 — 20 ; jdiysical, of 
sulphur, 248, 240 ; preparation 
and, of chlorine, 264 — 267 ; of 
hydrogen, 236 -236 ; of oxygen, 
ooq 0^2 

Pro})ortions of oxygen and hydro- 
gen in water, 236, 240 

Quantitative cliaracter of chemi- 
cal action, 223 — 225 ; composi- 
tion of sulphuretted hydrogen, 
258 ; nature of the, reactions, 
302--305 „ 

Quantities of heat, measurement 
of, 144, 145 

Radiant heat and light, energy 
of, 125 

Reactions, of hydroxides with 
acids, 301, 302 ; (piantitative 
nature of the, 302—305 
Rccomporition of white light, 179, 
180 

Red phosphorus, 279 
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[lediicing, oxidising and, flame, 230 
Eleflection, from spherical mirrors, 
166—168; of light, 163—166; 
regular, 163 — 166 
Refraction, effects of, 171 — 173 ; 
is accompanied by dispersion, 
176 ; of light, 168 — 176 ; rules 
of, 170, 171 ; through a lens, 
175 ; prism, 173-175 
Regular reflection of light, 1 63 — 166 
Relation between British and 
metric units, of area, 27 ; of 
mass, 45 ; of volume, 30 
Relative densities, determination 
of, by a U-tube, 100, 101 ; by 
relative density bottle, 98, 99 ; 
Hare’s apparatus for determina- 
tion of, 101 ; hydrostatic method 
of determining, 97, 98 ; results 
of accurate determinations of, 
101, 102 

Relative density, 96, 97 ; of gases, 
102 ; principle of Archimedes, 
and, 91—105 

Resolution of forces, 66, 67 
Resultant, calculation of, 65, 66 
Results of accurate determin- 
ations of relative densities, 101, 
102 

Rest, motion of bodies falling 
from, 62, 63 

Rigidity, solids possess, 7 
Rocks formed of silica, 314 
Rotation, earth’s, 34, 35 
Rotation of the earth, period of, 35 
Rules of refraction, 170, 171 
Rusting, combustion and, 228 — 
2;iu 

• 

Salt, 262 — 269 ; composition of, 
263, 264; gas, 262, 263; pro- 
perties of, 262 — 264 
Salts, ftcid aiftl basic, 305—308; 
acids, bases and, 299 — 310 ; 
calcium, 300, 301 ; preparation 
of, 299, 300 

Scale, Centigrade, 141 ; Fahren- 
heit, Al 

Scales, conversion of, 141, 142 
Separation of solids, 211, 212 
Sidereal day, 35 ^ 

Silica, 313 ; amorphous, 313 ; 
calcium carbonates and, 31 1-' 


316 ; chemically prepared, 314 ; 
rocks formed of, 314 
Smee’s cell, 188 

Sfwlium, action of, upon water, 
234, 235 ; sulphate, electrolysis 
of, 204, 205 

Soft, hard and, waters, 244 
Solar, mean, day, 34, 35 
Solids, 6 — 10 ; possess elasticity, 
7 — 9 ; possess rigidity, 7 ; 
possess tenacity, ductility and 
hardness, 9, 10 ; separation of, 
211, 212 

Solution is a physical change, 
209, 210 

Solution of liquids, 213 
Solvent power of hot and cold 
water, 212 

Spherical mirrors, reflection from, 
166—168 

Stability, conditions of, 86, 87 
Stalactites and stalagmites, 312 
Stalagmites, stalactites and, 312 
States of matter, physical proper- 
ties and, 1 — 20 

Substances, various, present in 
air, 225, 226 

Sulphate, copper, electrolysis of, 
203, 204 ; sodium, electrolysis 
of, 204, 205 
Sulphates, 255 
Sulphides, 255, 256 
Sulphites, sulphurous acid and, 

252, 253 

Sulphur, and its compound, 248 — 
261 ; crystalline, 250, 251 ; 

dioxide and sulphuretted 
hydrogen, formulae for, 272, 
273 ; dioxide, properties of, 
252 ; effects of heat upon, 249 ; 
oxides of, 251, 252 ; physical 
properties of, 248, 249 ; plastic, 
249, 250 ; trioxide and sulphuric 
acid, 253, 254 ; varieties of, 
249, 251 

Sulphuretted hydrogen, 256 — 258; 
formulae for sulphur dioxide 
and, 272, 273 ; quantitative 
composition of, 2^ 

Sulphuric acid, action of, on 
metals, 254, 255 ; manufacture 
of, 255 ; sulphur trioxide and, 

253, 254 



338 


INDEX 


Sulphurous acid and sulphites, 
252, 253 

System, units of mass in the 
British, 44, 45; units of mass 
in the metric, 45 

Temperature, heat and, dis- 
tinction between, 142 — 144 ; 
measurement of, 136, 137 
Temporary and permanent hard- 
ness of water, 244, 245, 291, 292 
Tenacity, solids possess, 9, 10 
Terms used in describing electro- 
lysis, 202 

Thermometer, construction of a, 
138, 139 ; graduating a, 139 
Thermometers, 137 — 139 
Time, instruments for measuring, 
35, 36; units of, 35 ; velocity and 
acceleration, units of, 34—^3 
Transformation of energy, 128 
Travels, light, in straight lines, 
162, 163 

Triangular plate, centre of gravity 
of a, 84, 85 

Trioxide, sulphur, and sulphuric 
acid, 253f 254 

Uniform, acceleration, measure- 
ment of, 38, 39 ; force, 62 ; 
linear velocity, measurement 
of, 37, 38. 

Unit of acceleration, 39, 40 ; 
of force, 59 

Units, of area, relation between 
British and metric, 27 ; of length, 
area and volume, 21 — 33 ; 
relation between British and 
metric, 23, 24 ; of mass in the 
British system, 44, 45 ; in the 
metric system, 45 ; relation 
between British and metric, 
45; of time, 35; of time, velocity 
and acceleration, 34—43'; 
of volume, relation between 
British and metric, 30 
Uses of carbon dioxide, 290, 291 

Valency, equivalent weights and, 

Value of “ G,’’ 62 


Vaporisation, latent heat of, 153 
—155 

Varieties of sulphur, 249 — 258 

Velocity, 36 — 41 ; average, 37 ; 
acceleration is the rate of 
change of, 38 ; measurement 
of uniform linear, 37, 38 ; of a 
body falling from rest, 63, 64 ; 
units of, time and acceleration, 
34—43 

Ventilation, 150 

Voltaic cells, construction of sim- 
ple, 184-197 

Voltameter, 241 

Volume and pressure of a gas, 
relation between, 112—114; 
composition of water by, 240 — 
242 ; measurement of, 28—32 ; 
relation between British and 
metric units of, 30 

Volumes, exercises in the measure- 
ment of, 29, 30 

Water, action of sodium upon, 
234, 235 ; and the elements 
composing it, 233 — 247 ; com- 
position of, by volume, 240 — 
242 ; by weight, 242 — 244 ; 
electrolysis of, 200 — 202 ; for- 
mula for, 271 ; hardness of, 291, 
292 ; mineral, 244 ; propjortions 
of oxygen and hydrogen in, 239, 
240 ; solvent power of hot and 
cold, 212 

Waters, hard and soft, 244 ; 
natural, 244 

Waves, ether, 160, 161 

Weight, of a body, 52 ; of column 
of atmosphere, 110, 111 ; com- 
position of water by, 242—244 ; 
constancy of, of gases, 15, 16 ; 
gain of, durinff burning, 227, 
228 ; of the air, ^106, Id; 

Weights, atomic, 272 ; equivalent, 
and valency, 273 ; molecular, 
273, 274 

White light, recomposition of, 
179, 180 

Work, 118, 119; and energy, 118 
— 132; measurement of, 119, 120 
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